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Relation of Survival Time of Respiratory Gasping Mechanism of the 
Isolated Mouse Head to Age. 


Richard K. Thoms axd William A. Hiestaxd. 

From the School of Pharmncii oml the Lahoraiorji of Animal Physiology, Purdue Vnirersity. 

Lafayette, Ind. 


It was shown previously^ that survival of 
the “primitive respirator}* center” of the rat 
head is inversely proportional to age of the 
animal. The method used was the record- 
ing of the gasping (mandibular movements) 
following decapitation. Young rats (under 
5 or 6 weeks of age) showed 2 periods of 
gasping, the initial period being aerobic and 
the second period anaerobic. Rats older than 
5 or 6 weeks were reported to show only 
the first (aerobic) series. Similar results 
were later obtained with ischemic heads of 
rabbits, cats, and dogs.- Work from our 

1 Scllc. W. A., and Witten. T. A., Peoc. Soc. 
Exr. Bion. and SIed.. 1941, 47, 495. 

- Selle, W. A., Proc, Soc. Exp. Biol, axd Med., 
1941, 48, 417. 


laboratory^ has corroborated these findings, 
however it has been obsen'ed^ that occasion- 
ally an adult rat may show a few gasps of 
the second series. Rabat® previously dem- 
onstrated a reciprocal relationship between 
age and resistance to arrest of brain circula- 
tion in dogs. 

That the sudden change of the newborn 
mammal from the fetal to the outside en- 
vironment may be more successful!}* accom- 
plished a source of anaerobic energ}- is avail- 
able to the young. This fact coupled with 

SHiestand, W. A., Tscliirgi. R. D., and Miller, 
H. B., Am. J. Phtmiol., 1944, 142, 153. 

I Tseliirgi, R. D.. personal comraunicafion. 

= K.abat. .1.. Proc. Soc. E.xp. Biol, axd Med.. 
1939, 42, 534. 
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the ability of the young to withstand ano.'tia 
more effectively than the adult has been am- 
pl}' demonstrated 

In the present investigation 144 white mice 
of the Purdue Swiss and Hygienic strains 
were used, no appreciable difference appear- 
ing in the gasping patterns of the 2 strains. 
Heads were decapitated with a single stroke 
of a razor blade held vertically in a holder 
as previously used with rats.'"* No gasping 
results in the mouse unless the cut is made 
posterior to the fore-legs. Rats will gasp if 
the cut occurs posterior to the external ear- 
lobe. In both cases the e.xcised head con- 



Fig. 1. 

Showing siu-viv.Tl fimp in relation to age in 144 
mice. Each point represents the average of mice 
used at a given time. 

« Avery, E. C-, nnd Johlin, J. M., Peoc. Soc. 
Exp. Biol, and Med., 1932, 29, 1184. 

"Fazekas, J. F., Alexander, F. A. D., and Him- 
wich, H. E., zim. J. Phpsiol., 1941, 134, 281. 

SKabat, H., Ann J- Plu/siol., 1940, 130, 5SS. 

9 Himwich, II. E-, Fazekas, J. F., and Homburger, 
E., Endocrinol., 1943, 33, 96. 

10 Himwich, H. E., Bernstein, A. O., Herrlieh, H., 
Cheslcr. A., and Fazekas, J. F., Am. J. Physiol., 
1942, 135, 387. 
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tains the medullan- centers as ivell as the 
carotid reflex areas. Gasps were recorded 
manually on an electric kymograph traveling 
one centimeter in 5.540 seconds. Ninety- 
five mice from the ages of 1 to 19 days and 
49 mice older than 20 daj-s were used. In 
no case did any gasping occur beyond the 
first (aerobic) series in mice over 19 days 
of age. This obser\-ation holds true for many 
other mice used in other experiments and 
not included herein. 

Table I and Fig. 1 show the results of 
this study. It can be seen that the aerobic 
first series of gasping remains quite constant 
throughout the life of the mouse indicating 


that the availability of the energ}' material 
remains little changed. The second or 
anaerobic series of gasps diminishes until 
about the 19th day when it is lost forever, 
thus-indicating that the anaerobic energx' of 
the newborn mouse persists for onh' 19 days. 

Conclusions. The suiAd%'al of the gasping 
mechanism of decapitated mice, like rats, is 
inversely related to age. Mice up to 19 
days of age show 2 series of gasps, the early 
or aerobic series remaining quite constant 
throughout life, the second or anaerobic se- 
ries gradually diminishing from the maximum 
in the newborn until it disappears complete- 
ly at about 19 days of age. 
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Effects of Urethane (Ethyl Carbamate) on Mitosis.* 
M. F. Gutter axd P. E. Claus. 

From the Department of Zoology. Vnifcrsity of ITiseonMn. Ifadigoii. 


The authors' showed that transplanted rat 
carcinoma ( Fle.xner-Jobling carcinoma) was 
far more susceptible to the lethal effects of 
X-raj's when growing on rats which had been 
treated with colchicine than when growing 
on untreated controls. Unable because of 
war conditions to obtain colchicine to con- 
tinue their experiments, they resorted to 
urethane (ethyl carbamate, CjH.-OCOXH;) 
which was reputed to have much the same 
effects on mitosis. They found that while 
urethane does affect mitosis, the result was not 
the same as that following colchicine. The 
present study deals with their e.xperiments and 
obser\'ations on this point. 

The treatments were standardized to in- 
traperitoneal injections of 1 cc of a 10% 
aqueous solution of urethane per 100 g of 
body weight of the young adult rats being 
treated. This was an anaesthetizing dose 
which left the animals inert for several 

» Aided by support from McArdle ITemorial 
Laboratorr, the Wisconsin Alumni Eesearch Foun- 
dation, and the Brittingham Trust Fund. 

1 Guyer, M. F., and Claus, P. E., Peoc. Soc. Exp. 
Biol, axp Meb., 1939, 42, 505. 


hours. Of the 42 animals treated, 21 were 
male and 21 female. No significant se.xual 
differences were found. A series of 14 mice 
were also injected and studied for com- 
parison. 

Since the purpose of our study was to de- 
termine the effect of urethane on mitosis it 
was important to select a tissue favorable 
for study. .A.fter some exploration we set- 
tled upon the comeal epithelium, recommend- 
ed by Buschke, Friedenwald and Fleisch- 
mann- for mitosis counts and for differentia- 
tion of the various phases of mitosis. FlTiile 
the number of dirision figures vary greath' 
from the periphery to the center of the 
cornea, they are approximately the same in 
all meridians. .-V band 2 mm wide was cut 
out along the greatest meridian of the cornea 
and carefully separated from adherent tis- 
sues. After rinsing in 80% alcohol it was 
placed for an hour each in 95% alcohol, 
and absolute alcohol, and then stored in 
cedar oil. After at least an hour in cedar 

SBusebie, W., Friedenw.utd, J. S., and Fleiseh- 
mann, W.. Dull. .Johns Eophins Bosp.. 1943. 72-73 

f 4 d ' ^ 
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the ability of the j'oung to withstand anoxia 
more effectively than the adult has been am- 
ply demonstrated.®"^^ 

In the present investigation 144 white mice 
of the Purdue Swiss and Hygienic strains 
were used, no appreciable difference appear- 
ing in the gasping patterns of the 2 strains. 
Heads were decapitated with a single stroke 
of a razor blade held vertically in a holder 
as previously used xvith rats.® No gasping 
results in the mouse unless the cut is made 
posterior to the fore-legs. Rats will gasp if 
the cut occurs posterior to the external ear 
lobe. In both cases the excised head con- 
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Slioniiif; siirviv.'il time- in reintioji fo age in lil 
inico. E'lcli point rejiresents tlie average of mice 
used .nt .n Riven time. 


B Avery, B. C., and Jolilin, J. Jf., Proc. Soc. 
Exp. Biol, asp Med., 1932, 29. 1184. 

TPazekas, J. F-. Alc.vander, F. A. D., and Him- 
wich, H. E., Jin. J. Physiol., 1941, 134, 281. 
s Kabat, H., Am. J. Physiol., 1940, 130, 5SS. 

9 Himivieli, H. E., Fazekas, J. F., and Homburger, 
E., Entlocriaol; 1943, 33, 96. 

10 Himwich, H. E., Bernstein, A. O., Herrlicli, H., 
Cliesler. A., and Fazekas, .T. F., Am. J. Physiol., 
1942, 1.33, 387. 
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the distributional mechanism. With urethane, 
on the contrarx’. all mitotic stages seem to 
be largely done axvay with. Fig. 1 and 2 
show how nearly mitotic activities were 
brought to a standstill. 

The graphs are based on comeal sections 
in which mitotic figures of all phases were 
counted in evert' fifth section, with 56 sec- 
tions inspected for each cornea. Forty-two 
rats were injected at 9:30 a. m. after which 
6 injected and 6 control animals (3 of each 
sex) were killed at intervals of 4 hours from 
10 a. m. one morning till 10 a. m. the next — 
a sequence of 7 sets in all. For purposes 
of comparison similar counts were also made 
on 2S mice. 

Fig. 1 represents a series of graphs for the 
average abundance of each stage, based on 
sections from the corneas the 21 urethane- 
treated female rats compared with 21 comeal 
mitotic counts from untreated controls. The 
lowermost graph summarizes the general 
average for all stages taken together. The 
continuous line of each graph represents the 
urethane-treated animals, the dotted line, the 
controls. Florizontal readings indicate the 
time of day the animals were kQled. the up- 
right column shows the ax'erage number of 
dix'ision-iigures per section in lOS sections 
(3 X 56) of the 5 females killed at anx* one 
time. The ax-erages for anaphases and telo- 
phase (the 2 uppermost graphs) are based 
upon a 0 to 1.0 scale in contrast with the 
others in which the scale ranges from 0 to 50. 
This is because so many fewer dh-ision 
figures are found in anaphase and telophase 
than in prophase and metaphase. 

The controls, indicated by dotted lines, 
show a dailx' rise and fall of the mitotic ac- 
tix-ities of all stages, xvith the smallest num- 
ber of dix-ision figures appearing at or a 
little before 2 a. m., after which it ordinarily 
rises fairly rapidly till at least 6 a. m. In 
the treated animals, indicated by the solid 
lines in the graphs, the disappearance of the 
sex'eral stages is more rapid and it reaches 
its lowest point sex'eral hours earlier than 


D 

the normal — by approximately 6 p. m. After 
remaining stationarx' or markedly retarded 
for from S to 12 hours, prophases begin to 
increase in number again. series of counts 
on the corneas of the 21 injected and 21 
control male rats was also made but inas- 
much as it n-as not essentially dinerent it 
has not been pictured. Fig. 2 represents a 
series of graphs made from the comeal cells 
of 14 urethane-treated and 14 control mice. 
The stages and designations are the same 
as for the rats (Fig. 1). It is obx'ious that 
respKinse through decline in the number of 
mitotic figures, and persistence of the in- 
hibition were ex'en more pronounced than in 
the rat. 

It is ex'ident that instead of arresting mi- 
tosis in metaphase and holding it there as 
colchicine does, urethane almost whoUx' does 
array xvith all stages of it for a time. In 
this respect its effects seem more to resemble 
those described as folloxving ether, cocaine 
or ephedrin. 

In subsequent experiments with urethane 
we were surprised to find that it not only 
anects mitosis but causes pulmonarx' tumotsi 
in well ox'er halt (75 out of S6) of our ex- 
perimental animals. The effect is ex'identlx' 
the same as that reported by Xettleship and 
Henshaw' for this drug on mice. 

Sjin:j?:ary. Intraperitoneal injections of 
urethane (1 cc of a 10^ aqueous solution 
per 109 g of bodx- xveight) almost whollv 
does axrax' with all stages of mitosis for a 
period of S to 12 nours, judging from counts 
oi m-itOLic iiffures in sections oi the corneal 
epithelium from rats and mice. In a later 
experiment, lung tumors of adenomatous 
txjpe appeared in 75 of S6 animals treated 
xvith urethane, but what, if anx*. connection 
there is betxveen the interference of this drua 
with mitosis and its causadoa of Inns tumors 
is not ex'ident. 

T Beport in press, Ccr.cer Ee-^carch. 

3 Xettleship, A., and Henehaw, P. s.. Xcf 
Ccne. Ir.s!.. 1943. 4. 3P9. 
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Fig. 1. 

Gnijilis I)n.sc<l on counts from tlic cornc.al cells 
of 42 female rats, sliowinp tlie relative frequencies 
of tlie several mitotic stages in individuals killed at. 
41iour intervals from 10 a. m. to 10 a. ra. The 
continuous lines indicate mitotic phases in the 21 
urcthanc-trcatcd animals; the broken lines, the 
phases in the 21 controls. Counts for each phase 
in both experimental and control animals were 
made on 3 different individuals. The lowermost 
series represents the general average for all stages 
together. 

oil the strips were passed successively through 
absolute alcohol, 95% alcohol, 70% alcohol, 
and distilled water, remaining for at least 
IS minutes in each. They were then stained 
for 20 minutes in a 1:5 dilution of Harris’ 
modification of Delafield’s hematoxylin, 
rinsed in distilled water, differentiated in 


1% HCi until deep red, and then left in 
ammonia water (0.1%) until blue. No 
counterstain was used. The strips were then 
dehydrated in the usual manner and cleared 
in cedar oil. 

For sectioning, the tissues were mounted 
in paraffin and cut 6 /a thick meridionally 
of the cornea. According to the study of 
Buschke, Friedenwald and Fleischmann al- 
ready cited, one in ever;'- 250 cells of the 2 
basal layers should, on the average, be found 
in mitosis. While the range from eye to eye 
of the same individual is small the variation 
from animal to animal may be considerable. 

The action of urethane on cell-division 
does not resemble closely that of colchicine. 
Although delaying mitosis for from 15 to 25 
hours, colchicine permits accumulation and 
persistence of the metaphase stage, with 
actual continuance of chromosome-divisions. 
The interference appears to be mainly with 

to. 
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Fig. 2. 

Gr.aplis for 28 uiifc (14 uretliaiie-treated, 14 con- 
trols), mixed sexes: counts for each phase made 
on 2 individuals, otherwise same ns Fig. 1. 
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TABLE I. 


Age of CuitUTC, Burnlion of Guinea Pig Passage and Resistance to Strcptomyciii of Tubercle 
Bacilli Isolated from Patients by Direct Culture and br Guinea I^ig Inoculation. 


Case 

Direct culture 


Culture from guinea pig* 

Age of culture, 

days 

Itc.sist.ance to 
strcptomycinl 

Days in Age of culture, 

guine.a pig days 

Resistance to 
streptoraycinf 

It 

102 

0.15 

42 

00 

0.15 


161 

0.15 

07 

94 

0.15 

3 

31 

100.0 

64 

42 

100.0 

4 

24 

>2000.0 

fio 

55 

500.0 

5 

114 

25.0 

71 

43 

25.0 

6 

181 

25.0 

07 

114 

25.0 

7 

34 

>2000.0 

6S 

30 

>2000.0 

8 

114 

10.0 

63 

50 

1 0.0 

9 

24 

>2000.0 

61 

37 

>2000.0 

10 

Ti 

O.OS 

93 

32 

0.31 

11 

70 

>2000.0 

5S 

33 

>2000.0 

12 

98 

1500.0 

Gy 

33 

>2000.0 

13 

95 

25.0 

76 

135 

25.0 

14 

112 

0.15 

GO 

52 

0,15 


• Inoculated the same days as direct cultures were made with a portion of the same material, 
t Greatest concentration of streptomjcin allowing growth in micrograms per milliliter of 


medium. 

t Untreated patients. 


meat has been carried out for several months. 

It is evident from the data presented in 
Table I that cultures of tubercle bacilli from 
patients receiving streptomycin retain their 
resistance to the drug even after residence 
in guinea pigs for 10 weeks or more and 
subsequent maintenance on gh'cerinated egg 
\'olk agar for many weeks. 

In another experiment each of 14 guinea 
pigs was inoculated subcutaneous^" with 0.1 
mg of tubercle bacilli found to be resistant 


to at least 2,000 pg of streptomycin per 
milliliter of medium. Cultures isolated from 
9 of these that died after periods of 61 to 
164 daj-s of infection were found still to be 
resistant to at least 2,000 pg. In all 14 ani- 
mals there was gross and microscopic evi- 
dence of progressive tuberculosis indistin- 
guishable from that seen in a similar group 
of guinea pigs inoculated with a sensitive 
strain from the same patient. 


15682 

Uniformity of Size of Bacteriophage Particles. 


A. D. Hershey, Fr/\xces Ki.mura, axd J. Beoxfekbrenxer. 

From t?ie Depariment of Bacteriology and Immunology, TTasliington Vniversity School of 

yiedicine, St. Zouis, Jfo. 


As measured by the sintered glass boundary' 
method of Northrop and .■\nson, Kalmanson 
and Bronfenbrenner^ found the apparent dif- 
fusion coefficient of coliphage PC (hereafter 
called T2K.) to be about 1.7 X 10-' cmVsec, 
corresponding to an equivalent spherical di- 

1 K.ilm.mson, G, M., and Bronfenbrenner, J., 
I. Gen. Physiol., 1939, 23, 203. 


ameter of about 16 mp. By fractional ul- 
trafiltration, a very' small fraction of the 
phage was obtained which behaved in the 
same measurement like particles haring a 
diameter of about 4 mp. 

Immunological analysis^ revealed a re- 

2 Hershey, A. D., Knlmnnsoir. G, it, and Bron- 
fenbreimer, J., J. Immunol., 1943, 40. 281. 
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Persistence of Resistance of Tubercle Bacilli to Streptomycin During 
Passage Through Guinea Pigs. 


Alfred G. Kareson, William H. Feldman, and H. C. Hinshaw. 

From the Diviahn of Frpcrimcntal Medicine, Mayo Foundation, and the Division of ^fedieine, 

Mayo Clinic, Doclicster, Minn. 


Youmans and associates^ have reported 
that tubercle bacilli from 8 of 12 patients 
treated with streptomycin had a resistance 
to this drug 500 to 1,000 times as great as 
that of cultures taken before treatment with 
streptomycin. We have studied cultures 
from tuberculous patients before and during 
the course of treatment with streptomycin 
and also have observed this phenomenon. 
In some instances cultures of tubercle bacilli 
have shown a resistance to more than 10,000 
times the concentration of streptomycin com- 
pared to those obtained prior to treatment. 

Preliminary obseiA’ations indicate that re- 
sistance to streptomycin may persist after re- 
peated subculture and storage in the refriger- 
ator. We present herewith our findings that 
tubercle bacilli isolated from guinea pigs in- 
oculated with sputum, urine or material ob- 
tained on gastric lavage from tuberculous 
patients who were being treated with strep- 
tomycin are as resistant as cultures isolated 
directly from the same materials. 

Methods. Specimens of sputum, urine or 
gastric washings were cultured in 4 tubes of 
glycerinated egg yolk agar and also inoculat- 
ed into 2 guinea pigs. Cultures were ob- 
served weekly and when growth occurred 
one tube was selected for determination of 
resistance to streptomycin. The spleens of 
the guinea pigs were cultured on the egg 
yolk agar when the animals died or when 
they were killed in 8 to 9 weeks. The tests 
lor resistance were done in a manner modi- 
fied from that used by Youmans and his 
associates. Two-fold dilutions of strepto- 
mycin* ranging from 2,000 to 0.04 per 
milliliter of medium were made in Vorwald’s 


G. V., Williston, Eliz.'ibeth H., FcH- 
nan, W. H., and Hinsh.Tiv, H. C., Froc. Staff Meet., 

Mayo Clin., 1940, 221, 120. f nr v a 

« Furnisl.ed tl.rongh the courtesy of Merck and 


Co., Balnvay, N.J . 


modification of Proskauer and Beck’s medi- 
um containing 10% horse plasma. This was 
dispensed in 5 ml amounts into 150 by IS mm 
test tubes. The inoculum was prepared by 
grinding in a mortar and suspending a por- 
tion of the culture in Proskauer and Beck’s 
medium. 

The suspension of tubercle bacilli was 
made to contain approximate!}' 1 mg of bac- 
teria per milliliter as determined by com- 
parison with a standard made by use of the 
Hopkins tube. Each tube of medium was 
inoculated with 0.1 ml of suspension or ap- 
proximately 0.1 mg of tubercle bacilli. We 
have found that the inoculum may vary with- 
in relative!}' wide limits without any varia- 
tion being reflected in the results. Duplicate 
tests of tubercle bacilli with a known re- 
sistance to streptomycin have given the same 
results when 0.2, 0.1, 0.05 or 0.025 mg of 
inoculum was used. After incubation at 
37‘’C for 14 days the resistance to strepto- 
mycin was recorded as the greatest concen- 
tration that permitted visible growth. When 
duplicate tests were made or tests were re- 
peated the results occasionally varied to the 
next higher or lower concentrations. The 
apparent large differences as in cases 4 and 
12 in Table I are inherent in a 2-fold dilu- 
tion method. 

Results. comparison of resistance to 
streptomycin between tubercle bacilli cul- 
tured directly from sputum, urine or material 
removed by gastric lavage and those isolated 
after passage through guinea pigs is given 
in Table I. Cultures from untreated tuber- 
culous patients usually are resistant to only 
0.08 to 0.62 /tg of streptomycin per milliliter 
of medium and the majority have a resistance 
of 0.15 fig. Our information is not complete 
but our present data indicate that resistance 
of tubercle bacilli from patients being treated 
with streptomycin is not apparent until treat- 
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TABLE I. 

Diffusion Coefficients of T1 and T2K in Agar. 


Material 

Time 

(days) 

Phage 
per ml 

Di X lOs 

Do X 10® 

Do/Di 

Wliolo Tl + IVholo T2K 

7 

ca. lOr 

l.G 

. ' 0.98 

O.Gl 


14 


0.82 

0.53 

0.G5 


28 


0.61 

0.44 

0.72 


43 


0.09 

0.50 

0.72 

Whole Tl -p Dltrafiltorccl T2K 

14 

CO. 10^1 

1.9 

• 1.4 

0.74 


Dj = diffusion coefficient of Tl. 
Do = diffusion coefficient of T2K. 


served as reference. 

For analysis of the contents of the dif- 
fusion cell, the agar was cut into segments 
tvith a fine stretched wire, beginning from 
the phage-free end of the column, the latter 
being expelled from the tube without back- 
ward movements by means of the plunger 
formed by anchoring a wire handle in the 
paraffin plug. The segments, collected in 
numbered weighing bottles, were weighed, 
and their length and position with reference 
to the boundary fixed by summing the 
weights. The phage content of the segments 
was determined by suspending the agar in 
broth by aspiration with a pipette, and plat- 
ing after suitable dilution. The recovery of 
both phages under the conditions of the ex- 
periments was quantitative. 

Owing to the nature of the analytic meth- 
od, and to the slow rate of diffusion, only 
the data for the region of low phage con- 
centration proved useful for the calculation 
of diffusion coefficients. This disadvantage, 
as compared with optical methods of analysis 
in the diffusion of purified proteins for in- 
stance, was more than offset by the ad- 
vantages of being able to use very dilute solu- 
tions, and to make analysis from the region 
of 10'^ down to about lCb“ times the initial 
concentration of phage. 

For this region, the distribution of phage 
about the boundary, after correction for the 
lengths of the individual segments (by 
graphical integration of the ideal diffusion 
curve), conformed nearly but not quite to 
that expected for ideal diffusion. The devia- 
tions were systematic, and might be attrib- 
uted to heterogeneity of the phage, to the 
curx’ature of the boundary, or to seepage of 


fluid along the walls of the tube. 

■The pertinent results of 2 experiments are 
summarized in Table I. It will be seen that 
the method clearly distinguishes Tl and T2K 
in mixture, the latter diffusing more slowly. 
The diffusion coefficients, calculated for the 
largest distance from the boundary at which 
dependable -analysis could be made, vary 
from 0.61 to 1.9 X 10"® cm^sec for Tl, 
and from 0.44 to 1.4 X IfF® for T2K. The 
variation must arise either from errors in 
locating the boundary, or to differences in the 
quality of the 2 preparations of agar gel, 
since the relative coefficients of the 2 phages 
vary only from 0.61 to 0.74. Since this 
ratio is not altered by ultrafiltration of T2K, 
we evidently failed to obtain any fractiona- 
tion with respect to size of particles of this 
phage by this method. 

The actual size of the particles cannot 
be estimated from these data, owing to the 
impeding effect of the gel on diffusion. It 
is of some interest to note the magnitude , of 
this effect. For T2K, the diffusion coeffi- 
cient of 0.5 X 10"® corresponds to an equiva- 
lent spherical diameter of about 500 m/i, 
calculated for diffusion in water. This is 
about 6 times the probable true diameter,® 
as if the particles were diffusing freelj"^ in 
the agar gel only about one-sixth of the time 
allowed. On the other hand, the relative 
sizes estimated from these data, namely Tl 
about two-thirds the diameter of T2K,'is in 
good agreement with the corresponding 
X-ray sensitive volumes" and electron-micro- 
graphs.® 

Other experiments using this same method, 
in which a second ultrafiltrate of T2K was 
compared with whole Tl, and an ultrafiltrate 
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markably high combining power of the phage 
for neutralizing antibodj', about 4600 mole- 
cules of antibody per lytic unit of phage. 
This may be taken as evidence that the prep- 
arations of Kalmanson and Bronfenbrenner,^ 
weighing about lO-’-^ mg per lytic unit, con- 
sisted of remarkably pure antigen derived 
from the phage. The weight lO'"-”’ mg is 
equivalent to about 30 particles of 16 m/x 
diameter, and since the measurement of .ef- 
fective antigenic surface seemed to give in- 
dependent support for this assumption, it 
was concluded that the total number of phage 
particles, each measuring 16 m/i in diameter, 
was about 30 times higher than that indi- 
cated by the lytic titre.- 

Northrop," both by diffusion and centri- 
fugal analj'sis, estimated a diameter of about 
10 ni/t for a staphylococcal phage in dilute 
solution fin concentrated solution it behaved 
like particles 100 m/t in diameter). few 
phages, namely S13 and C13, have a similar 
small size (S to 20 ni/x) by either filtration 
or centrifugal analysis.'* Otherwise, and par- 
ticularly for phages belonging to the serolog- 
ical group (group 1 1 of Burnet'') homologous 
with T2K, much larger sizes have been 
found by all workers. For e.xaniple, phage 
WLL has a diameter of 50 to 75 m/x by 
filtration, and 60 m/x by sedimentation.^ T2K 
itself has a diameter of about 50 m/x esti- 
mated from the ratio of weight to lytic tilre 
of the best preparations,^ and T2 (a variant 
of T2K now known as T2L'’') has a diameter 
of about 50 m/x from the X-ray sensitive vol- 
ume," and measures about 65 X SO m/x® or SO 
X 100 ni/x” in electron-micrographs. In addi- 
tion, appro.ximate one to one correspondence 
between lytic litre and particle count re- 
vealed by means of the electron-microscope,® 

3 Northrop, .T. II^JTgcu. Plnjsiol, 103S, 21, 3.35. 

AElfoiil, W. J-, in naudhuch d. rirusforschung, 
Docrr rmtl Hnllavicr, Editors, Vienna, 1P39, p. 12C. 

■"> Burnet, F. JI.> o’ld Pact., 1933, 30, 307. 

■ c Ilersliey, .V. D., Genetics, 1940, 31, 020. 

' 7 Luria, "s. E., and Exncr, E. M., Froc. Nat. 
Acad. Scl, 1941, 27, 370. 

S Luria, S. E., DelOriiek, M., and Anderson. T. F., 
J. Pact., 1943, 40, 57. 

n Hool>. A. E., Beard, D., Taylor, A. K., Sliarp, 
D. G., an;l Beard, J. W., J. Piol Chem., 1940, 163, 

241 . 


contradicts our conclusion- regarding the in- 
fectivity of the particles. 

In view of this unsatisfactory state of af- 
fairs,'* we began several years ago some ad- 
ditional measurements of the size and uni- 
formity of phage T2K. We have onh' now 
been able to correlate our results in a fairly 
satisfactory way. 

We have used 3 methods; diffusion through 
agar, centrifugation, and diffusion across the 
sintered glass boundary. In all 3 methods, 
another coliphage, TI, has been used as 
reference, the 2 phages being counted sep- 
arateh- in mi.vtures by plating on suitable in- 
dicator strains of bacteria each sensitive to 
only one of the phages. 

Diftision Through .-Igar. Diffusion through 
agar was studied as follows. Suitable quanti- 
ties of melted 3% washed agar in distilled 
water, and the phages in broth, were mi.ved 
at 45'’C to give a 0.6% agar solution con- 
taining about JO' particles each of Tl and 
T2K per ml. The phages consisted of fil- 
tered broth lysates diluted about 1:1000. 
.‘M the same time a similar solution was pre- 
pared containing broth without added phage. 
The boundary was set up b}' allowing 10 ml 
of the phage-free solution to solidify in the 
lower end of a length of glass tubing (16 mni 
internal diameter) fitted with rubber stop- 
pers, and then adding an equal volume of 
the phage-containing solution. .After this 
had solidified, a layer of melted paraffin 
about 2 cm long was pipetted directly onto 
the agar surface. This formed a plug serv- 
ing to minimize mechanical movements of the 
gel during diffusion, which was allowed 
to proceed at 5°C in the horizontal direction. 

Ultrafiltrates were prepared by passing 
broth lysates through a collodion membrane 
of sufficient density to reduce the lytic titre 
by the factor 10,000.*^ The diffusion meas- 
urements were conducted with these frac- 
tions in the way already described, except 
that tlie ultrafiltrates were incorporated into 
the agar gel without further dilution, yield- 
ing a titer of about 10'’ per ml, and the cor- 
responding phage-free solution contained the 
same ultrafiltrate inactivated bj' heating, in- 
stead of broth. In these e.xperiments also, 
unfractionafed Tl admixed in equal titer 
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Since particles of this size would not be 
sedimentable under the conditions of the 
centrifugations described above, it is evident 
that we are not here measuring diffusion, 
and this conclusion is confirmed by the fail- 
ure to distinguish T1 and T2K in the same 
mixture. Probably what we are measuring 
is actual circulation of fluid through the 
boundar^L 

A repetition of the e.xperiments with phage 
propagated in synthetic medium nevertheless 
confirmed the earlier results, namely, that 
whole lysate diluted in sjmthetic medium 
passed the boundary at an appreciably slow- 
er rate than undiluted ultrafiltered phage, 
which passed at essentially the same rate as 
phage in broth. This result is evidently in- 
consistent with the conclusions reached above. 

It was noticed, however, that the synthetic 
medium used in these e.xperiments^ was su- 
persaturated with respect to magnesium am- 
monium phosphate, and eventually deposited 
crystals on standing in the refrigerator. Since 
no crystals formed in ultrafiltrates of lysed 
cultures prepared in the same medium, it 
was suspected that the difference in the rate 
of passage through the glass boundary might 
be due to the clogging of the porous plate 
b}’’ cri^stal formation, which might be ex- 
pected to occur preferentially within the pores 
of the glass. The following e.xperiment seems 
to show that this is what happens. 

Parallel measurements of the rate of pas- 
sage through the glass boundari' were made 
of the same stock of phage T2K diluted re- 
spectively in a “saturated” and a “super- 
saturated” medium. The supersaturated 
medium was prepared by nii.xing the 2 stock 
solutions^ composing the medium, and plac- 
ing the mixture at 5°C for about 12 hours, 
at which lime crystallization had not yet be- 
gun. The saturated medium was prepared 
from the same materials, but was stored 
in the refrigerator for several days, or as 
long as necessary, until cri-stallization was 
complete, and filtered. Two experiments 
were done, switching the cells used for the 
measurement of saturated and supersaturated 
solutions, and cleaning the cells between runs 
with chromic-sulfuric acid mixture. The re- 
sults, e.xpressed as equivalent spherical di- 


ameters calculated from the apparent diffu- 
sion coefficients, were as follows: in saturated 
medium, 6.8 and 9.8 ni/t, and in supersat- 
urated medium, 22.2 and 24.4 m/t. This dif- 
ference is clearly an artifact, and very likely 
has the explanation we have suggested. 

Discussion. As a result of the e.xperiments 
described in this, paper, it must be concluded 
that the unit particles of the phages Tl and 
T2K in diluted lysates are of very large size. 
They are probably identical with those iden- 
tified in undiluted lysates by electron-mi- 
crography/'® analytical centrifugation,® and 
other means.'*'" There is no evidence that 
these particles are heterogeneous in size, or 
that they disaggregate appreciably on dilu- 
tion. The previous conclusion,® based part- 
ly on immunological evidence, that lysates 
are composed of antigenically similar par- 
ticles about 30 times more numerous than 
indicated by the lytic titer, has also to be 
withdrawn. The infectivity of the phage 
particles must be very nearly perfect, as has 
been found also by other means.® 

The very large antibody absorbing capaci- 
ty® of bacteriophage T2K, which is equally 
great for several members of the same 
serological group,® may now be accounted 
for in terms of the analytical data for T2 
reported bi' Hook and co-workers.® These 
data, which refer to morphologically and 
centrifugalh' homogeneous preparations, in- 
dicate a considerably larger size than any 
of the previous estimates. The electron- 
micrographs show particles SO X 100 ni/i 
or 86 X 113 m/t, e.xclusive of tail, depending 
on the source of material. From the sedi- 
mentation constant (which, however, unac- 
countably decreases at low concentrations) 
one estimates an equivalent spherical diam- 
eter of 60 to 130 m/t for the densities 1.5 
to 1.1 respectively. From the weight per 
lytic unit of lO"*® gm, and assuming perfect 
infectivity, one estimates a spherical diam- 
eter between 100 and 150 ni/t, depending on 
the density and hydration assumed. A 
sphere of diameter of 100 m/t, plus a tail 
of 20 X 120 m/t,® provide a primarx^ physical 
surface of about 4 X lO"*® cm®, sufficient 
to accommodate 4000 molecules of antibody 
each requiring an area of 10-*® cm®. This 
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TABI/E II. 

Sediiiiciitntion of Fractions of T2K in Jilixturc with Tl. 


% sedimented 

Tl T2K 


Source of m.atcrial 

E.xp. 

if can 

A 

E.vtromcs 

f 

3rcn2i 

Extremes 

AVholc hrotli lysato.s 

7 

14 

4-28 

84 

Gl-99 

Ultr.'ifiltcrcd T2K -f- wliole Tl 

fi 

13 

0-34 

.01 

TG-n.o 

Supernates, T2IC 

3 



ST 

69-97 


of Tl with whole T2K, yielded less presenta- 
ble data, but nevertheless confirmed our prin- 
cipal conclusion, that ultrafiltration does not 
affect the speed of diffusion of these 2 phages 
relative to each other. The 3 ultrafiltrates 
e.vamined in this way were prepared with 3 
different collodion filters. 

Centrifugation. The'sedimentation e.vperi- 
ments were also essenlialh’ qualitative, but 
yielded unequivocal results oiving again to 
the use of a second phage as standard of 
reference. The method follows. 

Three ml volumes of the mixed phages in 
broth (about 10^ lytic units per ml) were 
spun for one hour at 18,000 r.p.m. in 6 ml 
lubes in an international centrifuge equipped 
with “multispeed” angle head. The mean 
distance from the axis of rotation was about 
6.5 cm, corresponding to a centrifugal field 
of 23,500 g. When spun in a cool room, 
the temperature in the tubes did not e.xceed 
45°C, and the phage could be recovered 
quantitatively by mixing the contents of the 
tube at the end of the run. Supernates were 
sampled by withdrawing 0.5 ml with a pipet 
from the upper portion of the fluid. .Assays 
of these samples were compared with the 
same materials uncentrifuged, and in many 
of the e.xperiments an assaj’' was made also 
of the mixed residue in the bottom of the 
tube, as a parallel check against inactivation. 
Table II shows the results of several e.x- 
periments with Tl and T2K from lysates 
prepared in broth, with ultrafiltrates of T2K 
prepared with 2 different collodion filters, 
and with T2K from supernates of previous 
centrifugations. We have omitted from these 
data a few discrepant e.xperiments, in which 
both phages failed to sediment appreciably, 
since this happened just as frequently with 
unfractionated as with fractionated phage, 


and can safely be attributed to accidents of 
convection.^'' Excluding these, the results 
show clearly that; 

(1) T2K sediments rather completely un- 
der the conditions of these e-x-periments, 
wliereas admi.xed Tl is left largely in the 
supernate. 

(2) The few particles of T2K passed by 
3% collodion membranes sediment just as 
rapidly in the ultrafiltrate as whole phage 
diluted to the same titer in broth. This con- 
clusion must be qualified somewhat, owing 
to inaccuracies of the method, but it is clear 
that we have failed to obtain a fraction of 
T2K containing particles anjm’here near as 
slowly sedimenting as those of Tl. 

(3) T2K in supernates from which the 
bulk of the phage has been removed by 
previous centrifugation, is not less easily sedi- 
mentable than the unfractionated material. 
In another e.xperiment not shown in the table, 
3 successive centrifugations of an undiluted 
lysate threw down respectively 98.5, 96. and 
97% of the residual unsedimented phage. 

We conclude that the particles of T2K 
in dilute solution are essentially homogeneous 
in size, or at anj”^ rate all are appreciably 
larger or denser than those of Tl. 

Passage through the sintered glass bound- 
ary. In a single e.xperiment, carried out as 
described by Kalmanson and Bronfenbren- 
ner,* it was found that whole T2K in broth, 
and ultrafiltered T2K from a broth l^fsate, 
passed through the sintered glass boundary 
into broth, or into heated ultrafiltrate, re- 
spectively, at an identical rate correspond- 
ing to a spherical diameter of about 4 myu. 
In both cells, the admi-xed Tl and T2K 
passed in precisely the same proportion. 

10 Stanley, AV. M., J. Sorp. UcH., 1944, 70 , 2G7. 
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Effect of 2,3-Dimercaptopropanol (BAL) on Acute Poisoning by Tervalent 
and Quinquevalent Antimonial Drugs.*" 

James F. Gammile, Chester :M. SouxHAsr, axd H. B. van Dyke. 

From thr Department of Pharmncolorill, Coltcfic of Fliymciniu^ and Surgeons. CoUtmhia Uni- 
versity, Xeic Tori:. 


Among the numerous reports on the e.v- 
perimental use of B.AL to combat poisoning 
by inorganic and organic metallic compounds, 
the investigation of Braun, Lusky and Cal- 
very'^ is the only one describing work with 
antimonial drugs. These authors concluded 
from their work with rabbits that “With the 
administration of B.AL, the tolerance of the 
rabbits to lethal doses of compounds of 
antimony was increased more than 50% .” 
Our experiments were all performed with 
j’oung rats in which we were able to dem- 
onstrate a protective action of BAL against 
only one antimonial, tartar emetic. The 
lethal action of 4 other antimonial drugs, 
including Fuadin and Neostam which were 
also used by Braun. Luskj- and Calvery. eith- 
er was not affected or was increased by the 
administration of B.AL. 

Methods. All the experiments were per- 
fonhed with young albino rats (Sherman 
strain) usually weighing about 75 g (range 
55-140 g). A total of 210 female and 885 
male rats was used. Each group, usually of 
10 animals, if treated with B.AL, had a com- 
panion group of 10 of the same weight range 
and sex receiving only the antimonial drug. 
The dose of antimonial chosen was sufficient 
to kill 60-100% of animals in the prelim- 
inary experiments with single doses. If the 
B.AL had no clearl}' favorable influence on 
the lethal action of the drug, the dose of the 
latter was reduced to determine whether there 
was an appreciable beneficial or deleterious 
action of BAL. In some experiments, smaller 
doses of an antimonial drug and of -BAL 
were administered repeatedly. 

In ever}’^ e.xperiment the antimonial and 
the BAL solutions were administered by dif- 

* This inycstig.-ition was aided by a grant from 
tlie Sterling-XVintlirop Bcsearch Institute. 

1 Braiin, H. A., Lnsky, L. M., and Calvery, H. O., 
J. Plinrm. and Exp. Tlierap., Snppt., 194G, 87, 119. 


ferent routes. When an aqueous solution of 
tlie antimonial drug was injected intraperi- 
tonealh', B.AL in oil, according to the formula 
of Eagle,- was given subcutaneouslj' after 
dilution of the solution by peanut oil. Solu- 
tions of B.AL in oil were unsatisfactory for 
repeated injection over a period of days ow- 
ing to the accumulation of unabsorbed oil. 
In later experiments aqueous solutions of drug 
and of B.AL were injected by the same routes 
as those used by Stocken and Thompson^ 
in e.xperiments with sodium arsenite; the 
antimonial drug was injected intramuscular- 
ly and freshly-prepared aqueous B.AL solu- 
tion was given intraperitoneally. The anti- 
monial drugs tested were tartar emetic 
(antimonj’ potassium tartrate). Fuadinf 
(NaSb-bis-p.vrocatechindisulfonate of Na), 
Neostibosanf (Sb complex of />-amino- 
phenylstibonic acid, /i-acetylaminophenyl- 
stibonic acid, antimonic acid and dietlnd- 
amine), Neostam* (nitrogen-glucoside of so- 
dium />-aminophen 3 'lstibonate) , and Stiban- 
ose* (Solustibosan or monoh 3 ’dro.x}-triethj'l- 
ammonium salt of 2,3, antimonic ester of so- 
dium he.xonate). The antimony* of tartar 
emetic and of Fuadin is tervalent, whereas 
it is quinquevalent in the other 3 compounds. 
Stibanose is of such low toxicity* that the 
large volume of concentrated solution re- 
quired for a lethal effect could not be in- 
jected intramuscularly*. The aqueous solu- 
tions of Neostam and Neostibosan for intra- 
muscular administration contained respective- 
ly 20 g and 30 g of drug per 100 ml of solu- 
tion. 


2E.ig]e, H., J. Vcn. Dis. Inf., 1946, 27, 114. 

3 Stocken, L. A., and Thompson, E, H, S., Bio- 
chem. J., 1946, 40, 535. 

t Kindl.f supplied by the Sterling-tViathrop Ee- 
scarch Institute. 

t Kindly supplied by the Eurroughs-Wellcome 
Company. 
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size is therefore compatible with the observed 
combining ratio of 4600 molecules per lytic 
unit,- a correlation which also holds with 
fair exactness for antigens as diverse in size 
and shape as ovalbumin, thyroglobulin, 
hemocj'anin,” and tobacco mosaic virus.'- 

These exiieriments have some bearing on 
the question of the utility of the porous plate 
boundary method of Northrop and Anson,*® 
for the measurement of coefficients of dif- 
fusion. In this method, the estimated coef- 
ficient is directly proportional to the frac- 
tion of the solute diffusing in unit time. 
Under our conditions, the rate of flow of 
fluid through the boundary, measured in 
terms of the amount of bacteriophage passed, 
is about 0.01 ml per hour, equivalent to a 
diffusion coefficient of about 4 X 10"' 
cnr/sec. This is of the same order as the 
diffusion coefficient of hemoglobin.*® It is 
evident that this rate of flow would not seri- 
ously affect the measurement of diffusion of 
substances diffusing 5 to 10 times faster than 
hemoglobin, c.g., of the HCl or other electro- 
lyte used in calibration. For proteins of 
the size of hemoglobin, the error would be 
about 100% for solutions having a viscosity 
near that of water. Actually, protein solu- 
tions of sufficient concentration for analysis 
of the diffusate have a considerably higher 
viscosity, and the data of Northrop and An- 
son*® suggest that under their conditions, 
the flow of fluid is negligible compared with 
the diffusion of hemoglobin, which means 
that the flow is at least several times slower 
than in our e.xperiments. Bacteriophage T2, 

llllerslicy, A. D., J. Immunol., 1941, 42, 485. 

12 Sehnimm, G,, .-md Fricdcrk-li-Freksa, II., Z. 
phlisiol. Clicm., 1940, 270, 233. 

13 Northrop, J. H., ami Anson, M. L., J. Gen. 
Phi/slol, 1929, 12, 543. 


taken to be a sphere of about 90 ni/x in diam- 
eter, would have a diffusion coefficient of 
about 2.7 X 10'“* cmVsec in water, and 
would pass through glass discs such as we 
have used at a rate equivalent to about 6 X 
10“' ml of solution per hour by diffusion 
alone. Observed amounts in excess of this 
would provide a very accurate measure of 
the speed of flow of liquid. A small amount 
of bacteriophage included in the solution 
whose diffusion is to be measured would thus 
permit a ver\' simple correction for what is 
probably the principal source of error in the 
use of this method. ■ 

Summary. Neither fractional ultrafiltra- 
tion nor fractional centrifugation have re- 
vealed any heterogeneity of size among the 
particles of tlie bacteriophage T2K (former- 
ly called PC). The methods used for the 
measurement of size, namely, diffusion 
through agar and sedimentation in an angle 
centrifuge, were essentially qualitative, but 
the e.xperimental arrangements w^ere such as 
to yield unequivocal results. 

It must be concluded therefore that this 
bacteriophage has a minimal particle diame- 
ter of 60 m/t or more, as has been found 
previously for unfractionated phages of the 
same group by a variety of methods. 

It is necessary also to withdraw the con- 
clusion previously reached that this bac- 
teriophage has a low infectivity for suscepti- 
ble bacteria. 

An e.x'planation is suggested for some 
anomalous results previously obtained in at- 
tempts to measure the diffusion of bacterio- 
phage through the porous glass boundarjL 
The use of bacteriophage to measure the rate 
of flow' of fluid as a means of control in 
the application of this method to other ma- 
terials is described. 
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Six experiments were performed with the 
other ter\’alent antimonial, Fuadin. In one 
experiment with BAL in oil the mortaliU' 
in the drug control group was identical with 
that in the BAL-treated group. In all the 
other experiments, whether aqueous BAL or 
B.AL in oil was administered, B.AL shortened 
greatly the period of survival and the rate 
of recovery from toxic or LD 4 o-r.o doses of 
Fuadin, This is clearly shown in the ex- 
periment of Fig. 4A. -A control experiment 
demonstrating the efficacy of aqueous B.AL 
in arsenite poisoning is illustrated in Fig. 4B, 
confirming the report of Stocken and Thomp- 
son.® 

Two e-xperiments with aqueous solutions 
of Neostam and B.AL demonstrated that 
treatment with BAL causes an earlier death 
(at a dosage of 600 mg of Xeostam per kg) 
or increases the mortality rate (at a dosage 
of 450 mg of Neostam per kg). The latter 
e.xperiment is summarized graphically in 
Fig. 5. Xeostibosan was the quinquevalent 



HOURS AfTCR TREATHINT 

A 8 

Fig. 4. 

A. effect of tientment with B.Mi in rats 
receiving a single intranuiseular dose of 250 mg of 
Fu.adin per kg. Without B.TL-trcatment no rats 
died ivitliin 96 hours. In the group of rats receiv- 
ing 0.1 ml of saturated aqueous solution of BAl. 
per too g (about GO mg per kg). 709c died within 
24 hours and all were dead witliin 40 hours. Each 
group consisted of 10 rats. 

B. Protective action of B.AL in arsenite poison- 
ing. Eaeii rat received, per kilogram, an intra- 
muscular injection of IS mg of AsoOj neutralized 
by XaOH. The intrapcritoneal injection of sat- 
urated aqueous solution of BAL was given 10 
minutes after tbe arsenite (0.1 ml per 100 g);.a 
second dose of BAL (0.05 ml per 100 g) was 
injected 4 hours later. There were no deaths after 
4 hours. Each group consisted of 10 rats. 

AVhite columns; arsenite alone. 

Shaded columns: Fuadin and BAL (A) or 
arsenite and BAL (B). 



HOURS AFTER NEOSTAM 
Fig. 5. 

Lethal action of B.AL in rats receiving a single 
intramuscular injection of 450 mg of Xeostam per 
kg. BAL, as a "single intrapcritone.al injection of 
OA ml of a satur.ated aqueous solution per 100 g 
(about CO mg per kg), was given 5 minutes after 
the injection of Xeostam. Xo further deaths 
occurred between tho 72nd and the 240th hours. 
Each group consisted of 10 rats. 

White columns: Xeostam alone. 

Shaded columns; Xeostam and BAL. 

antimonial used in 6 satisfactory experiments 
in which single or repeated daily injections 
were made. Subcutaneous B.'^L in oil or 
intraperitoneal aqueous B.^L increased the 
mortality rate. For e.xample, after 1500 mg 
of Xeostibosan per kg intramuscularly, 50% 
of the B.4L-treated animals and none of the 
drug controls were dead after 3 hours: at 
the end of the experiment, 40% of the drug 
control group were dead and 70% of the 
group receiving intraperitoneal B.AL as well 
as Xeostibosan had succumbed. The low 
toxicity of Stibanose required intraperitoneal 
injections (c.g., a single dose of 7000 mg per 
kg caused only 20% mortality) and the B.4L 
was administered in oil subcutaneously. The 
effect of B.4L (20 mg per kg as a single 
dose or 2 doses 4 hours apart) apparently 
was to increase the mortality rate, but this 
effect was not shown to be significant. 

Dhaission. The findings here reported, 
in which rats were the experimental sub- 
jects, demonstrate that B.AL is of real value 
in lessening the mortality rate of animals re- 
ceiving single or repeated doses of tartar 
emetic. This conclusion is in agreement xvith 
that reached by Braun, Lusky and Calvery, 
whose experiments were all performed with 
rabbits receiving intramuscular injections of 
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HOURS AFTER TARTAR EMETIC 

yiG. 1. 

KITi'ct of IJAL-trcatmont in tlic rnt on tlic lethal 
action of one intranmscnlar injection of CO mg of 
tartar emetic per hg. A saturated aqueous solu- 
tion of BAL (about 0%) was injected intraperi- 
toueallv r> minutes after tartar emetic in a dose of 
0.1 ml 'per 100 g (about 00 mg per kg). Half of 
this dose of BAL was repeated G, and 24 
after tlic tartar emetic. One drug-control rat died 
between the 3rd and the 11th hours of the experi- 
ment; no BAL-treated rats died after (2 hours. 
Each group consisted of 10 rats. 

AVhito columns: drug alone. 

Shaded columns; drug followed br BAL-treat- 
ment. 

Results. Ten e.xperiments were performed 
with tartar emetic administered either intra- 
peritnneally or intramuscularly. I" every 
experiment except one, treatment with B.AL 
either increased the surt'ival period or pre- 
vented death, in comparison with groups of 
rats simultaneously receiving only the solu- 
tion of tartar emetic. Illustrative experi- 
ments are shown in Fig. 1 and 2. A control 
experiment with very large doses of HgCI; 
as the lethal agent is shown in Fig. 3; an 
expected protective action of BAL was dem- 
onstrated although more survivals after the 
last dose probably would have been observed 
had BAL treatment been continued after the 
last injection of HgCL solution. In_ the one 
inconsistent experiment, tartar emetic m in- 
creasing doses was injected once daily mtra- 
peritoneally into each rat of 3 groups of 10 
each The initial dose was 30 mg per kg 
and the last dose, on the 11th day, was 60 mg 
per kg. However, only 20% of the control 
rats died whereas of those receiving BAL 
L oil in addition to tartar emetic, 80%_ of 
Se second group (20 mg ^ .BAL per Jg im- 
mediately after tartar 
the third group (20 mg of BAL per kg im 


mediately after tartar emetic and repeated 
3 hours later) did not survive. The subcu- 
taneous tissues of the animals treated with 
BAL contained several milliliters of oil at 
the end of the e.xperiment. No satisfactory 
e.xplanation of the deleterious effect of BAL- 
treatment or of the remarkable tolerance of 
the control rats to intraperitoneally-admin- 
istered tartar emetic in this experiment has 
been found. 


too 


< eoJ 



DAYS OF TREATMENT 
ElO. 2. 

EfTcct of BAL in oil subcutaneously on survival 
after intraperitoneal injection once daily of 25 mg 
of tartar emetic per kg in aqueous solution. One 
dose of BAL (20 mg per kg) was given imme- 
diatelv after each of tlie G. injections of tartar 
emetic. There were no deaths after the Gth injec- 
tion. Each group consisted of 10 rats. 

White Columns: drug alone. ^ 

Shaded columns: drug followed by BAL-tre.at- 
meiit. 



Fig. 3. 

Effect of BAL in oil subcutaneously on survival 
after intraperitoneal injection of 5 mg of HgClo 
ner ke once daily at beginning of each of first 4 
llavs One dose of BAL (20 mg per kg) was 
given immediately after each injection of HgCl. 
solution. The 3 surviving rats were sacrificed. 
Each group consisted ^ 10 rats. 

AVhitc columns: HgCL alone. 

Shaded columns : HgCIo and BAL. 



Electron jNIicROGRAPHS of Bacteriophage 



Fig. 1. 

Au electron micrograph of a gold-shadowed collodion replica of the 
surface of an F. coli-hacteriophage culture. The clear area of the 
plaque, besides showing .a few adhering bacteriophage particles, is 
covered with pits which presumably are replicas of the heads of other 
particles. The finer granulation ' of this and the suecceding photo- 
graphs is the inacromolecular texture of collodion as brought out by the 
shadowing. Magnification cn. 19000 X. 



Pig. 2. 

A clump of bacteriophage particles just inside the edge of 
a plaque area on a Petri dish culture. Magnification ca. 
24,000 X. 
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aqueous solutions of drug or of drug and of 
BAL. The lethal effects of the other 2 
antimonials used by these authors, Fuadin 
and Xeostam, contrary to their results, were 
found clearly to be enhanced by the admin- 
istration of BAL. Similarl}’, B.AL increased 
the lethal action of poisonous doses of 
Neostibosan. The dimercaptan did not alter 
the death rate from large intraperitoneal 
doses of Stibanose. The doses of BAL, 
whether dissolved in peanut oil or in water, 
were sufficient to save the lives of animals 
receiving lethal doses of either mercuric 
chloride or sodium arscnite. BAL in oil was 
administered in doses well below levels which 
by themselves are followed by anj' mani- 
festation of poisoning. The largest intra- 
peritoneal dose of aqueous solution of BAL 
used (about 60 mg per kg) can cause central 
stimulation in some rats, as shown by gen- 
eralized muscular hyperactivity; however, 
this dose, followed by 30 mg per kg 4 hours 
later, can be given daily for at least 3 days 
without killing any animals. 

Other e.xperiments will have to be per- 
formed to determine, if possible, what is the 
explanation of the increased toxicity of 


Fuadin, Xeostam and Xeostibosan, if BAL 
be administered a short time later. The in- 
creased mortaliLv associated with B.AL- 
treatment occurred mainly within 24 hours; 
a significant difference in mortality was evi- 
dent after 6 hours. It is possible that an 
acutely toxic complex substance is formed 
in vivo by the interaction of the dimercaptan 
and an\' of the 3 antimonials which them- 
selves are not well-defined compounds; how- 
ever, it is more acceptable to interpret the 
increased mortalitj' as a summation of toxic 
effects. It seems reasonable to conclude that 
the favorable action of BAL in rats acutely 
poisoned by tartar emetic is the result of the 
formation of one or more mercaptides of an- 
timony much less toxic than tartar emetic, 
just as is the case when an arsenical or a 
mercuric salt is rendered innocuous bj' the 
administration of BAL. 

Summary. In rats, the acute lethal action 
of tartar emetic is significantly reduced by 
the administration of BAL. BAL increases 
the mortality rate in rats receiving Fuadin, 
Xeostam or Xeostibosan. The mortality rate 
in rats given large doses of Stibanose is not 
reduced by BAL. 
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Electron Micrographs of Bacterial Cultures Infected with Bacteriophage. 
O. F. Edwards and Ralph W. G. Wyckoff. 

From the Xational Iii.<ititntc of Jlcalth, FtcUtesan, Mil. 


Xow that we have learned to recognize in- 
dividual virus particles through the electron 
microscopy of purified suspensions it has be- 
come practical to approach the more im- 
portant question of how these particles are 
produced within the cells they infect. Proba- 
bly bacteria with their bacteriophage^ pro- 
vide the simplest virus system immediately 
accessible to existing technics. This is part- 
ly because sperm-like bacteriophage parti- 
clesi’- can easilv be recognized even in the 
presence of other particle s of simil ar sub- 

Delbruck, M., .-imTAmlmoii, T. P., 
J. Fact., 1943, 40, 57. 


microscopic size and partlj' because bacteria 
are hosts small enough to allow an electron 
microscopic examination of both their sur- 
face and their internal structures. 

To gain a satisfactory understanding of 
the steps involved in bacteriophage-produc- 
tion it is essential to be able to photograph 
sensitive bacteria under the conditions in 
which they grow and become infected. We 
have found that this can be done by study- 
ing replicas made of the surfaces of agar 

2 Sharp, D. G., Taylor, A. K., Hook, A. E., and 
Beard, J. W., Proo. Soc. Exp. Biol, and Med., 
194G, Cl, 259. 
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Typical micrographs of replicas made in 
the way just described are shown in Fig. 1-3. 
They are from the periphery of plaques de- 
veloped on Petri dishes inoculated with a 
mixture of E, coli and a T2 strain of its bac- 
teriophage. A number of isolated bacterio- 
phage particles adhering to the film ate evi- 
dent in the clear areas of Fig. 1: the film 
also shows numerous pits that are undoubt- 
edly replicas of particles that remained on 
the agar. The mass at the left of this mi- 
crograph, which approximately outlines the 
remains of a single bacterial cell, is a typical 
example of how completely bacterial proto- 


plasm becomes converted into bacteriophage 
particles after invasion by one of them. 
Similar masses within the confines of old cells 
are reproduced at higher magnifications in 
Fig. 2 and 3. The separate particles can 
readily be recognized even when, as, is com- 
monly the case, they have partially collapsed 
presumably as a consequence of drying. These 
pictures do not reveal in detail how the bac- 
teriophage particles are formed but they do 
suggest that a careful study of films taken 
from cultures containing bacteria in various 
stages of infection may be expected to yield 
such information. 
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Sugar Alcohols. XX\^ Sorbitol and Sorbitan as Precursors of Liver- 

Glycogen in the Rat.* 

C. jELtEFF Carr, de Camp. B. Farson, and John C. Krantz, Jr. 

From ihe Viiivcrsiti/ of Mart/Iand, Baltivwrc, Mcl. 


For many years we have been concerned 
with the fate of the sugar alcohols in the 
animal body.^ Previously it was shown that 
mannitol served as a precursor of glycogen 
in the liver of the rat, whereas its anhydrides 
mannitan and isomannide were not available 
in this capacity. Sorbitol, an isomer of 
mannitol, surpasses the latter as a glycogen 
former. Having available crystalline sor- 
bitan, anhydrosorbitol, it occurred to us to 
study its availability as a source of liver 
glycogen. Previously Carr and Krantz 
showed that polygalitol-l,5-anhydro-D-sor- 
bitol was not available as a precursor of 
glycogen in the rat.- The relation of sorbitol 
to sorbitan is shown by the following form- 
ulas. 

Experimental. Young white male rats from 
a uniform source, weighing from 1 50 to 200 g 

* Tlie sorbitol and sorbitan were generously sup- 
plied by the Atlas Powder Company of Vfilming- 
ton, Del. 

1 C,arr, G. J., and Krantz, J, C., Jr., Advances in 
Carhohjirlrate Chemistry, Vol. I, p. 175-1D2. 

- Carr, C. J., and Krantz, J. C., Jr., J. Biol. 
Chem., 1934, 107, 371. 


were fed a balanced ration (Purina Chow) 
for 3 days. They were then fasted for 48 
hours and divided into the following experi- 
mental groups according to diet. 

1. Cacao butter controls. 

2. Cacao butter plus 30% crystalline sor- 
bitol. 
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Pio. 3. 

Cluniiis of l)iii'torioi)lingc filling the npprox-imnto outlines of two recently 
(livideil liactoria. Jliignification ca. 35,000 X. 


plates incubated for various periods of time 
after inoculation with bacteria and bacterio- 
phage. The technic we have been using to 
obtain such replicas is essentially the same 
as that recently described by Hillier and 
Baker." It has consisted in covering the 
surface of a bacteriophage-bacterial growth 
with a dilute solution of collodion or other 
plastic and floating the resulting film off 
onto a water surface for further manipula- 
tion. Like Hillier and Baker we have found 
that organisms are retained by the film made 
in this way but our preparations have also 
shown numerous impressions of individual 
bacteria. This has made it possible to see 
in a single film details of both surface and 
internal structure. 

Formvar dissolved in ethylene dichloride 
will yield good replicas but best results have 
been obtained with collodion. Collodion, 
USP, diluted with S to 6 volumes of normal 
amyl acetate, carefully spread over the 

3 Hillier, J., and Baker, E. B., J. Sact., 1946, 
52, 411. 


growth-surface and drained till dry has pro- 
duced films of the proper thickness. The 
degree of moistness of the surface has had a 
dominant influence on both the qualitj’ and 
the usefulness of the plastic film. When it 
was loo wet the replica has reproduced little 
besides micro-drops of water covering its sur- 
face; when it was too dry masses of bac- 
teria too thick for observation adhered to the 
finished replica. Contrast for microscopy 
has been introduced into the replicas floated 
from these Petri dishes by shadowing^ them 
obliquely with metal to a calculated thick- 
ness of ca 8A of gold or ca 40A of chromium. 
Such shadowed replicas have been so thin 
that they have often stretched and distorted 
under the electron beam especially in and 
about regions of bacterial replication. This 
could be minimized by lightly metallizing 
the finished shadowed replicas through the 
vertical deposition of a few angstroms’ thick- 
ness of aluminum, chromium or beryllium. 

■« Williams, E. C., and Wyckoff, E. W. G., J. Ap- 
plied Physics, 1946, 17, 23. 
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Typical micrographs of replicas made in 
the way just described are shown in Fig. 1-3. 
They are from the periphery of plaques de- 
veloped on Petri dishes inoculated with a 
mixture of E. coli and a T2 strain of its bac- 
teriophage. A number of isolated bacterio- 
phage particles adhering to the film are evi- 
dent in the clear areas of Fig. 1; the film 
also shows numerous pits that are undoubt- 
edly replicas of particles that remained on 
the agar. The mass at the left of this mi- 
crograph, which approximately outlines the 
remains of a single bacterial cell, is a typical 
example of how completely bacterial proto- 


plasm becomes converted into bacteriophage 
particles after invasion by one of them. 
Similar masses within the confines of old cells 
are reproduced at higher magnifications in 
Fig. 2 and 3. The separate particles can 
readily be recognized even when, as, is com- 
monly the case, they have partially collapsed 
presumably as a consequence of dr\dng. These 
pictures do not reveal in detail how the bac- 
teriophage particles are formed but they do 
suggest that a careful study of films taken 
from cultures containing bacteria in various 
stages of infection may be expected to yield 
such information. 
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Sugar Alcohols. XXV. Sorbitol and Sorbitan as Precursors of Liver- 

Glycogen in the Rat.* 

C. Jelleff Carr, de Camp. B. Farson, and John C. Krantz, Jr. 

From llie University of Maryland, Baltimore, Md. 


For many years we have been concerned 
with the fate of the sugar alcohols in the 
animal body.' Previously it was shonm that 
mannitol serv'ed as a precursor of glycogen 
in the liver of the rat, whereas its anhydrides 
mannitan and isomannide were not available 
in this capacity. Sorbitol, an isomer of 
mannitol, surpasses the latter as a glycogen 
former. Having available crystalline sor- 
bitan, anhydrosorbitol, it occurred to ns to 
study its availability as a source of liver 
glycogen. Previously Carr and Krantz 
showed that polygalitol-l,5-anhydro-D-sor- 
bitol was not available as a precursor of 
gh’cogen in the rat.- The relation of sorbitol 
to sorbitan is shown by the following form- 
ulas. 

Experimental. Young white male rats from 
a uniform source, weighing from 150 to 200 g 

* The sorbitol and sorbitan were generously sup- 
plied by the Atlas Powder Company of 'Wilming- 
ton, Del. 

1 Ciirr, C. J., and Krantz, J. C., Jr., Advances in 
Carbohydrate Chemistry, Tol. I, p. 175-192. 

2 Carr, C. J., and Krantz, J. C., Jr., J. Biol. 
Chem., 1934, 107, 371. 


were fed a balanced ration (Purina Chow) 
for 3 days. They were then fasted for 48 
hours and divided into the following experi- 
mental groups according to diet. 

1. Cacao butter controls. 

2. Cacao butter plus 30% crystalline sor- 
bitol. 
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Fio. 3. 

Clumjis of L.'u'tcrioplinfio filliiifr the approximate outlines of tivo recently 
divided bacteria. Magnific.ation ca. 35,000 X. 


plates incubated for various periods of time 
after inoculation with bacteria and bacterio- 
phage. The technic we have been using to 
obtain such replicas is essentially the same 
as that recently described by Hillier and 
Baker." It has consisted in covering the 
surface of a bacteriophage-bacterial growth 
with a dilute solution of collodion or other 
plastic and floating the resulting film off 
onto a water surface for further manipula- 
tion. Like Hillier and Baker we have found 
that organisms are retained by the film made 
in this way but our preparations have also 
shown numerous impressions of individual 
bacteria. This has made it possible to see 
in a single film details of both surface and 
internal structure. 

Formvar dissolved in ethylene dichloride 
will yield good replicas but best results have 
been obtained with collodion. Collodion, 
USP, diluted with 3 to 6 volumes of normal 
amyl acetate, carefully spread over the 

3 Hillier, J., .unci Baker, E. P., J. Sad., 1946, 
S2, 411. 


growth-surface and drained till dry has pro- 
duced films of the proper thickness. The 
degree of moistness of the surface has had a 
dominant influence on both the quality and 
the usefulness of the plastic film. When it 
was too wet the replica has reproduced little 
besides micro-drops of water covering its sur- 
face; when it was too dr}' masses of bac- 
teria too thick for observation adhered to the 
finished replica. Contrast for microscop}' 
has been introduced into the replicas floated 
from these Petri dishes by shadowing* them 
obliquely with metal to a calculated thick- 
ness of ca 8.'^ of gold or ca 40A of chromium. 
Such shadowed replicas have been so thin 
that they have often stretched and distorted 
under the electron beam especially in and 
about regions of bacterial replication. This 
could be minimized by lightly metallizing 
the finished shadowed replicas through the 
vertical deposition of a few angstroms’ thick- 
ness of aluminum, chromium or beryllium. 

i Willi.mis, K. C., and TVyckoff, S. w. g., J. Jp. 
plied Shpsics, 1946, 17, 23. 
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TABLE L 

Average Coaeentratu'.a'' of SrrcpioDJTcin {rni:s''g of T!?^ae^ in Biorni. Liver, nml Snieen of 

Mieo. 


Hr after injection 

CoEcentr 

itjpn oi 

streptoniyein 

in aninialf 

wlucli received 

S'roptomyc 

in-Trrpan Binet 

Si 

rej'Tov-iyol!) 


Blood 

Liver 

Spleen 

Blood 

Liver 

SpL'on 

1 

Ifi.P 

12,S 

59.4 

4.0 

5.1 

0 


2.5 

2,S 

G.1 

0 

0 

0 

s 

O.P 

J O 

4.0 

0 

0 

0 


O.G 

6-P 

4.9 

0 

0 

0 


* The micro tcclimes of errcptoinvcin nsKiv of Forgaes ami Kncera (J. Lch. ond Ciin. .Ifct?., 
in pres?) vrere csed in this orperimen;. 

‘ Each of tl’.e 2 large groups eonsainod iO animals: 5 animals in each group -nrere sacrificed 
for esarainnsion at the post -injection interval? shown. 


the in.’biiity of the antibiotic to reach intra- 
cellularK- contained eiiologic agents.-’ To 
test this supposition. intracelJular introduc- 
tion of streptomycin into the reticulo- 
endothelial cells tvas attempted by combining 
the antibiotic with an electronegadvely- 
charged colloid that could be phagoettized. 
Prelhninan,- experiment? consisted of injecting 
white Swiss mice intraperiloneally with a single 
dose of a mixture containing 1000 "S” units 
of streptomycin and 20 mg of an electroneg- 
ativel\--cbarged d.ve, tiypan blue, in 1 ml 
of water. The mixture was adjusted to pH 
7.4. ( In contrast to streptomycin per sc, this 
mixture of antibiotic and colloid did not 
dialyze through a cellophane membrane over 
a period of 24 hours) Three control groups 
of animals received respectively (a) 1000 
‘‘S units of the antibiotic dissolved in 1 ml 
of distilled water, (b) 20 mg oi the colloid 
suspended in 1 ml distilled water, and (c) 
I ml of distilled water. Blood and organs 
rich in reticulo-endothelial tissue were assayed 
for the presence of the antibiotic one. 4. S. 
and 25 hours after the injection. The aver- 
age results are presented in Table I. 

It will be observed that the group receiv- 
ing streptomycin in distilled water showed 
levels of the antibiotic in the blood and liver 


'• Gpoilpnsture. E. W.. Tm.-i.,-. o/ //,. 

CoUrrir o f Ftiiis-rmns «./ philntiitphii-!. 1P41, !>, 11. 

- Grateful uola;owlf dgmcnt i? to Dr. traber 
Koehpl.'itv for liU sugg,'?r'io!i< .-sisd help voucerning 
this p!!,ise of the work. 


only in the one-hour samples. The group 
receiving the antibiotic and dye mixture 
showed relatively high levels oi slreptomydn 
in blood, liver and spleen at all intervals oi 
testing from one through 25 hours. In everx- 
case the unitage per gram of liver or spleen 
in this group always e-xceeded that of the 
comparable blood sample. Since the other 
2 control groups remained negative through- 
out the experiment they are not included in 
Table I. Because oi the substantially higher 
unitages in the liver and spleen of the group 
which received the antibiotic and dye as op- 
posed io levels in samples oi blood taken at 
comparable times, it was considered re.asona- 
ble to assume from these data that the anti- 
biotic -was concentrated in these organs. 
Furthermore, histological examination of the 
sections showed a characteristic distribution 
of the colloidal dye in the reticulo-endotheli- 
um. Results obtained using guinea pits con- 
firmed the phenomenon observed in mice. 

Front the above data, it was considered 
that such a method of altering the distribu- 
tion of therapeutic substances and delaj-ing 
their e.xcrelion, might be developed for treat- 
ment of certain diseases caused by obligatd.v- 
or facultatively-intracellular parasites.^’' To 
this end. further experiments are beins con- 
ducted and will be reported at a later date. 

Tte auitior? wisli avkiiviwUHtgo tkeir grafitufie 
to ^targery T. Foil, LoL L. Clianey, anal Janios W. 
Rvoto fpT -.boir leojiaie.-jj .acsistaeco, and to Dr. 
William J. Cn>mariio for iii? suggostion? aad 
.adiaoo. 
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Streptomycin in Tissue 


TABLE J. 

Glycogen Storage in Liver of Wl.ite Eat After Feeding Sorbitol and Sorbitan in a Cacao Butter 

Diet. 


Cacao butter 

Sorbitol 

Sorbitan 

Liver 

glycogen. 

No. of rats % 

No. of rats 

Liver 

glycogen, 

% 

No. of rats 

■■ \ 

Liver 

glycogen, 

% 

3 

3 

0.85 

3 

0.05 

3 

8 

1.16 

3 

0.02 

3 Less than 0.1 

5 

1.37 

3 

0.04 

3 



3 

0.04 

3 



3 

0.05 




3 

<0.01 




3 

<0.01 


3. Cacao butter plus 30% crystalline sor- 
bifan. 

Several animals in each group were di- 
vided into separate cages containing 3 to S 
rats each. The animals were fed their re- 
spective diets for 2 days. .At the end of the 
feeding period the animals were anesthetized 
with intraperitoneal injections of amytal so- 
dium and their livers e.vtirpated. The livers 
in each group were pooled. The glycogen 

3 Good, C. A., ct nf., J. Bio!. C/iciii., 13.33, 100, 
48S. 


was determined by the method of Good et al.^ 
and the de.vtrose obtained by its hydrolysis 
w'as determined by the Munson-Walker meth- 
od. The results are shown in Table 1. 

Conclusion. The data in Table I show 
that sorbitol and sorbitan behave like their 
isomers mannitol and mannitan'* with respect 
to glycogen storage in the liver of the white 
rat. Mannitol and sorbitol are precursors 
of glycogen whereas their anhydrides are not. 

4 Carr, C. .L, ct at., .T. Biot. CUem., 1933. 102, 
721. 
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Alteration of the Distribution and Excretion of Streptomycin.* 


William E. Nelson, Joseph Forg.acs, and Joseph L. Kucera. 
(Introduced by Edwin H. Lennette.) 

From Camp Deirich, Frederick, Md. 


Phagocytosis of colloidal particles by the 
reticulo-endothelium and the localization of 
such particles in inflamed areas under cer- 
tain conditions are well known phenomena. 
These processes apparently depend upon sev- 
eral factors, among which are (a) charge of 
the particle, (b) particle size, and (c) capil- 
lary permeability. 

It has been observed that penicillin^ and 
streptomycin,- while effective in eliminating 

* Streptomycin used in these experiments was 
streptomycin hydrochloride. 

lEobinson, H. J., Thesis, Eutgers University, 
New Brunswick, N.J., 1943, 43. 


the septicemic phase of certain diseases, fail 
to provide a complete cure. In the light of 
previously reported evidence,^ indicating that 
liver and spleen levels of streptomjmin re- 
main negative while blood levels are within 
a therapeutic range, it might reasonably be 
supposed that therapeutic failure^ is due to 

2 Keefer, C. S., Blake, F. G., Lockwood, J. S., 
Long, P. H., Marshall, E. K., and Wood, B., Jr., 
J. A. M. A., 1946, 132, 9. 

3 Kornegay, G. B., Forgaes, J., and Henley, 
T. F., J. Lai), and Clin. Med., 1946, 31, 523. 

4 Kelly, E. G., and Henley, T. F., personal com- 
munication. 
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Studies on Streptomycin in !Mice 
TABLE I. 


Composite Table of Excretion of Streptorayein in M an, Dog, anil Alonkcy as Kcpoitcd in the Literature. 


Animal 

Strciitomycin administered 

% recovered in 
urine in 24 lir 
or longer 

Reference 

Route 

Dose X 1000 (units) 

Man 

I.M. 

25 

G.l-tt.o 

(S) 


» 

50 

19.5 

(S) 


f J 

100 

59.1-68.1 

(■*) 


< i 

200 

42-78.2 

(S) 


) J 

200 

G3 (4 hr) 

(«) 


) > 

300 

72 

(C) 


J 7 

400 

lG.7-22.2 

(•>) 


7 7 

400 

41-53.8 

(S) 


7 7 

500 

5G-71 

(S) 


7 7 

600 

45.j-7i).5 

(=) 


7 7 

600 

87 (12 hr) 

(«) 



20,000 in G d.avs 

44 

(3) 


7 7 

varied, over 29 davs 

30t 

{2)» 


7 7 

varied, over 25 days 

103} 

(2)» 


I.V. 

50 

oO'So.G 

(S) 


) 7 

100 

52.3-80.0 

(•«) 


7 7 

200 

64-91.7 

(S) 


7 7 

400 

62.9 

(•») 


7 7 

400 

42.7-48 

(S) 


7 7 

500 

79-83.5 

(S) 


7 7 

GOO 

29-89§ 

{■) 


7 7 

28,000 in 7 days 

70 

(3) 

Monkcv 

I.M. 

10 per kg/dav 

60-66 

(3) 


7 7 

50 per kg/day 

38-44 

(0) 

Dog 

I.M. 

Not indicated 

ca. 50-8011 

(3) 


■ Calculated from the published data, 
t Total recovery over 29-day period of treatment, 
t Total recovery over 25-day period of treatment, 
i Average recovery of streptomycin in the urine in 10 cases was 66%. 
'! Recoveries published as approximate figures. 

Absorption and Excretion oj Streptomycin 
in nice. Procedure. Large groups (usually 
100) of female Swiss mice weighing between 
19 and 2 1 g were given a single dose of strep- 
tomv'cin subcutaneously or intramuscularly. 

At given intervals, beginning IS to 30 min- 
utes after injection, 10 mice were sacrificed 
by bleeding from the heart, the blood pooled, 
and assays run on the serum. Immediately 
prior to each bleeding period, urine samples 
were taken from all surxdving mice (by ap- 
ptying slight pressure over the bladder re- 
gion) and the urine pooled, measured and 
assayed by the broth dilution method.^®* 

10 Donovick, R., Hamre, D., Kavanagh, P., and 
Rake, G., J. Bad., 1945, 50, 623. 

* The various sera studied caused no apparent 
inhibition of the test organisms. However, assays 
of sera to which small amounts of streptomycin 
were added gave results ranging from 34-40% 
higher than aqueous controls. The streptomycin 
concentrations were such in these assays that they 
were carried out on undiluted or low dilutions of 
serum. Similar studies with low dilutions of urine 


Results. In Fig. 1 are shown the serum 
levels reached in mice following a single in- 
jection of streptomycin at 3 dose levels. Also 
included, for purposes of comparison, are a 
composite curve of similar data we have ob- 
tained in infants as well as a curve showing 
data taken from the work of Buggs, ef al.^ 
In the latter case, the body' weight of the 
patient was not indicated and hence the dos- 
age cannot be given in terms of units per kg. 
It will be noted that serum levels of strep- 
tomycin in mice drop considerably faster 
than in humans following a single dose of the 
antibiotic. 

The e.xcretion rates as shown by the ap- 
pearance of antibiotic in the urine of mice 
as compared to data in humans reported by 

g.ive results of 9-23% higher tlmn controls. How- 
ever, in the absorption-excretion studies in mice 
the streptomycin concentrations in most of the 
scrum and urine samples were great enough to re- 
quire considerable dilution of the sample for 
assay, thereby minimizing this effect to an extent 
that it may be neglected in the calculations. 
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The Use of the Mouse in Studies on Streptomycin. 

Geoffrey Rake and Richard Donovick. 

I’rom ihc Division of Microhioiogy, The Squill Institute for Medical Hcscarch, New 

Drunsxcicl:, X.J. 


The therapeutic value of a drug is deter- 
mined by 2 general aspects; namely, (a) its 
physiologic distribution in the host and (b) 
its specific biologic activity. The physi- 
ologic distribution may' vary' greatly with the 
host as has been pointed out by INIarshalR 
with respect to the sulfonamides. The sit- 
uation with regard to streptomycin is not 
clear because of widely divergent results 
which have been published by' various in- 
vestigators. 

The mouse, being e.xtensively used in 
chemotherapeutic studies, is of particular im- 
portance in the study of antibiotic substances 
where the quantities of drug available for 
research may be sharply limited. Conse- 
quently, knowledge of the comparative be- 
havior of streptomycin in mouse and man 
is of considerable value. The wide range 
of results which have been reported in the 
numerous absorption-excretion 'studies per- 
formed in man is summarized in Table I. 
.-^side from an e.xpected variation in indi- 
viduals, and probably' in the assay method 
and technics, the explanation for the diver- 
gence is not clear. 

.Absorption of streptomycin in mice, as in- 
dicated by' blood level studies, has been re- 
ported-'® but no information has been made 

1 MarRliall, E. K., .Tr., University of Fcnnsylrania 
Bicentennial Conference, Chemotherapy, Univer- 
sity of Pennsylvania Press, 1941. 

2 Korncg.ay, G. B., Porgacs, .T., and Henley, T. F., 
J. ini). 0)1(7 Clin. Med., 1946, 81, 523. 

3 Elias, W. F., and Burso, J., Science, 1945, 101, 
■589. 

4 Heilman, D. H., Heilm.an, P. E., Hinslmiv, 
H. C., Nichols, D. B., and Herrcll, W. E., Am. J. 
Med. Sci., 1045, 210, 576. 

0 Eutstein, D. D., Stebbins, E. B., Catheart, E. T., 
and Harvey, K. Ji, Clin. Invest., 1945, 24, 808. 

0 Anderson, D. G., and Jewell, M., New England 
J. Med., 1946, 233, 485. 

7 Zintel, H. A., Flippin, H. F., Nichols, A. C., 
yVhiley, Jf. 31 -, and. Bhoads, .1. E., Am. J. Med. 
Sci., 1945, 210, 421. 

sBuggs, C. W., Pilling, 31- A., Bronstein, B., 
and Hirshfeld, J. W., J. Clin. Invest., 1946, 25, 94. 


available on excretion rates. Such data are 
essential if one is to examine whether strep- 
tomycin is destroyed in the mouse to a great- 
er extent than in man.® During the past year 
and a half we have carried out a number of 
absorption-excretion studies of streptomycin 
in the mouse as well as in humans (adults 
and children). Since our findings have bear- 
ing on the question of the relative rates of 
e.xcrelion of this antibiotic in these 2 species 
it was thought to be of interest to present 
some of these results. 


ABSOEPTION OF STREP'l’OirYClN IN lllCE 



HOURS AFTER INJECTION 
Fig. 1. 

A 250,000 units per kg, subcutaiieouslv. 

O 104,000 ” ” ”, ” 

A "3,000 ” ” ”, Intramuscularh-. 

• 1,140 ” ” ”, ” in 

childi'cn. 

□ 500,000 units, intramuscularly in man, cf 

Bnggs, ctoh® 

» Stebbins, E. B., Graessle, O. E., and Eobiuson, 
H. J., Pkoc. Soc. Exp. Bioi,. and Med., 1945, 
60, 68. 
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It was found that the excretion rate of 
the streptomycin administered together with 
alum was similar to that of streptomycin 
alone. The calculated recover}- of the anti- 
biotic in the urine was somewhat higher but 
not significantly so, .\pparently the alum did 
not retard e.xcretion. However, in all previ- 
ous excretion studies in mice, the urine col- 
lected during the first hour or 2 following 
injection was a deep, reddish brown in color, 
verj- similar to that of the concentrated strep- 
tomycin solutions used. In the alum study, 
on the other hand, the urine was normal in 
color throughout the e.xperiment, indicating 
that some of the pigmented impurities of the 
streptomycin preparation had been retained 
by the alum while the streptomycin was not. 

Excretion oj Strcplomychi in Humans. Con- 
siderable data on the absorption and excre- 
tion of streptomycin in humans has already- 
been reported (Table I). Consequently no 
special attempt was made to collect extensive 
data on this species. Limited data on strep- 
tomycin excretion have been collected on one 
adult and 3 infants to compare recovery rates 
in the urine with those found in mice, using 
the same bio-assay procedure.^® 

An adult patient, weighing 160 lb. was 
given 1,850,000 units of streptomycin sub- 
cutaneously in divided doses over a 6-day 
period. The average daily dose was 4,200 


units per kg. The overall recovery- of anti- 
biotic in the urine was 75^ of the strepto- 
mycin administered, but the ratio of units 
administered to units recovered in the urine 
varied somewhat during various stages of 
the study. 

In 3 small children receiving 20.000 units 
of streptom\-cin per lb (ca 9100 units per 
kg) per day. intramuscularly, in interrupted 
doses or by continuous drip, the streptomy- 
cin administered which could be accounted 
for in the urine at any given period during 
the’ course of treatment again varied con- 
siderably with the individual. The overall 
recoveries of antibiotic in the urine were 31,5, 
45.0 and 45.5% respectively. .Although these 
are lower recoveries than some reported in 
adults, they fall within the general range 
found in man. 

Conclusions. Whereas streptomycin is ab- 
sorbed and excreted considerably faster in 
mice than in man. the percentage recovery- of 
streptomy-cin in the urine of these 2 species 
is very similar. Hence, there is no reason 
to believe that this antibiotic is destroy-ed 
in mouse to any greater extent than in man. 

Despite the fact that streptomy-cin is ad- 
sorbed on alkaline alumina, streptomy-cin ad- 
ministered in mixture with alkaline potas- 
sium aluminum sulfate is excreted as rapidly- 
in mice as is streptomy-cin given alone. 
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Proteins with Growth-Promoting Action on Tissue Cells in vitro. 

Charity Waymouth. (Introduced by Fischer.) 

From CtirMirrn Funii liiolopiral InstUvtc, Copnihnprn, DrnmnrI:. 


Among the many- substances which con- 
tribute to the effectiveness of embryonic tis- 
sue extracts as growth-promoting media for 
cells in vitro, some have been found to be as- 
sociated with the proteins of the extracts. The 
ease of inactivation of the extracts by- heat 
and by ptnt roly tic enzymes \\-ere early- in- 
dicaiions tlwf proteins play-ed some role in 
the eiYecfs wiihii result in increasing the area 
of frKpIafded llmic relative to the area of 
eofifro/'Mdlure^, 

'Ike lability of ilie high molecular sub- 


stances in the embryonic extracts makes it 
necessary- to use only very- mild methods in 
attempts to extract or purify active fractions. 
It has been found by Fischer and .Astrup^ 
that a rather high activity- was associated 
with a fraction separated by the method used 
by Hammarsten= for preparation of nucleo- 
proteins. Ex-periments have now confirmed 


1 Fisclier. .A., and .Astriip, T., FflUn. Areli. pcs. 
Phijxiol., 1943. 247, 34. 

-4 llammaTsten, E., Soppc-Scyl 1920, 109. 141. 


Studies on Streptojiycin in Mice 



HOURS AFTER INJECTION 
2 . 

• 10ri,0(l() units |ii'r kp (witli altiiii), suljeutiincniislv. 

□ 250,000 >> .siilicutaiieoiisl.v. 

O (linlf solid) 104,000 units per Ug, subculniicously. 

Q 23,000 units per kp, intramiisciiInrJv. 

000,000 units, I.>r., (total dose) in iiinii. <-f Andorsnn, rl iil.'' 
^ 300,000 ” ” (total dost") in man, of Anderson, rt «/.'> 

^ 000.000 ’’ . 1.A^, (total dose) in man, ef Zintel, rt iil.~ 


Anderson, cl al.^ .ind Zintel, ct al.' are shown 
in Fig. 2. Here again, unfortunately, the 
dosage in humans was not reported with 
regard to body weight. Ne%’ertheless, it ap- 
pears evident that the e.xcretion of strepto- 
mycin into the urine is more rapid in mice 
than in man. These data parallel the find- 
ings on the rate of decrease in serum levels 
in these 2 species. 

The percentage of streptomycin recovered 
in the urine of mice by the procedure used 
must be considered minimal since some urine 
might have been lost between samples. How- 
ever, the total recovery was similar to that 
found in children (see below) and that re- 
ported in adults (Table I). Thus, the re- 
covery of streptomycin in the urine ranged 
from 37.5 to 69.5% of the dose in mice re- 
ceiving from 460 to 5,000 units intramus- 
cularly or subcutaneously (23,000 to 250,000 
units per kg). Except for a more rapid rate 
of excretion, the mouse does not appear to 
handle streptomycin differently than does 
man. 

Judging from the data published by Steb- 


bins, Graessle and Robinson^' the rate at 
which the blood levels drop in dogs, follon'ing 
a single intramuscular injection, is not great- 
ly different from that in mice. In monkeys 
it appears to be somewhat slower. 

In Fig. 2 it will be noted that one e.xcretion 
study in mice was carried out with a strep- 
tomycin-alum mi.xture. Carter, cl al}^ re- 
ported that streptomycin was adsorbed on 
alkaline alumina. It was therefore of inter- 
est to know whether streptomycin injected 
in mi.xture with alum was excreted at a slow- 
er rate than was streptomycin alone. For 
this purpose a solution containing 9200 units 
of streptomjmin-sulfate per cc was mi.xed m'th 
an equal volume of 4% aluminum-potassium 
sulfate and sufficient N/1 NaOH was added 
to bring to pH 7.6. Female mice were in- 
jected subcutaneously with 0.5 cc of the mi.x- 
ture and the urine collected and pooled at 
given intervals as in the other e.xperiments. 
In this instance blood levels were not studied. 

llC.irtcr, H. E., Clnrk, I?. K., .Tr., Dickni.Tn, 
S. R., Eoo, Y. H., Skell, P. S., .and Strong, AV. A., 
,r. Viol. Chrm., 1945, IfiO, .137. 
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It was found that the excretion rate of 
the streptomycin administered together with 
alum was similar to that of streptomycin 
alone. The calculated recovery^ of the anti- 
biotic in the urine was somewhat higher but 
not significantly so. Apparently the alum did 
not retard e.\'cretion. However, in all previ- 
ous e.vcretion studies in mice, the urine col- 
lected during the first hour or 2 following 
injection was a deep, reddish brown in color, 
very similar to that of the concentrated strep- 
tomycin solutions used. In the alum study, 
on the other hand, the urine was normal in 
color throughout the axperiment, indicating 
that some of the pigmented impurities of the 
streptomycin preparation had been retained 
by the alum while the streptomycin was not. 

Excretion of Streptomycin in Humans. Con- 
siderable data on the absorption and excre- 
tion of streptomycin in humans has already- 
been reported (Table I). Consequently no 
special attempt was made to collect extensive 
data on this species. Limited data on strep- 
tomycin excretion have been collected on one 
adult and 3 infants to compare recovery rates 
in the urine with those found in mice, using 
the same bio-assay procedure.^® 

.’’m adult patient, weighing 160 lb, was 
given 1,850,000 units of streptomycin sub- 
cutaneously in db’ided doses over a 6-day 
period. The average daily- dose was 4,200 


units per kg. The o\-erall recovery of anti- 
biotic in the urine was 75% of the strepto- 
mycin administered, but the ratio of units 
administered to units recovered in the urine 
varied somewhat during various stages of 
the studyL 

In 3 small children receiving 20,000 units 
of strepfomy'cin per lb (ca 9100 units per 
kg) per day', intramuscularly-, in interrupted 
doses or by' continuous drip, the streptomy'- 
cin administered which could be accounted 
for in the urine at any' given period during 
the ■ course of treatment again varied con- 
siderably with the individual. The overall 
recoveries of antibiotic in the urine were 31.5, 
45.0 and 45.5% respectively. Although these 
are lower recoveries than some reported in 
adults, they fal! within the general range 
found in man. 

Conclusions. Whereas streptomy-cin is ab- 
sorbed and excreted considerably' faster in 
mice than in man, the percentage recovery- of 
streptomy'cin in the urine of these 2 species 
is very' similar. Hence, there is no reason 
to believe that this antibiotic is destroyed 
in mouse to any- greater extent than in man. 

Despite the fact that streptomy'cin is ad- 
sorbed on alkaline alumina, streptomycin ad- 
ministered in mixture with alkaline potas- 
sium aluminum sulfate is excreted as rapidly' 
in mice as is streptomy-cin given alone. 
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Proteins with Growth-Promoting Action on Tissue Cells in vitro. 
Charity Waymouth. (Introduced by .\. Fischer.) 


From CarUltcrfl Fund Biological 

j^mong the many substances which con- 
tribute to the effectiveness of embry'onic tis- 
sue extracts as growth-promoting media for 
cells in vitro, some have been found to be as- 
sociated with the proteins of the extracts. The 
ease of inactivation of the extracts by heat 
and by' proteoly-tic enzy'mes were early' in- 
dications that proteins play'ed some role in 
the effects which result in increasing the area 
of e.xplanted tissue relative to the area of 
sister control-cultures. 

The lability- of the high molecular sub- 


Instittitc, Copenhagen. Dcnmarl:. 

stances in the embry-onic extracts makes it 
necessary' to use only' very' mild methods in 
attempts to e.xtract or purify active fractions. 
It has been found by- Fischer and .Astrup' 
that a rather high activity was associated 
with a fraction separated by' the method used 
by' Hammarsten" for preparation of nucleo- 
proteins. E.xperiments have now confirmed 


1 Fiselicr, A., and .ystrup, T., Fjiug. Arch. ges. 
Phimiol., 1943, 247, 34. 

- Il.-iiiimarsten. E., Hoppc-Scgl Z., 1920, 109, 141. 
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that such fractions contain the relevant ac- 
tivity. It is, however, not 3’et certain that 
the activity' necessarily resides in a protein, 
as distinct from a protein-comp!e.x contain- 
ing nonprotein material, for one of the re- 
sults of using mild preparative procedures 
is that labile, loose linkages maj' not be 
broken. 

Examination of some crude nucleoprotein 
fractions has revealed no correlation between 
the activity and the proportions of the 2 
Upes of nucleic acid, i.c. those containing 
ribose and deso.xj-ribose. .Activity has been 
found in fractions containing onU' a trace of 
desoxi’ribonucleic acid, so it is concluded 
that, if a nucleic acid is essential for activity, 
it must be one of the ribose and not of the 
desoxwribose t\pe. Ribonucleic acid alone, 
in the depoK'merised form in ivhich it is iso- 
lated, does not appear to possess the ac- 
tivity. No method has so far been found 
for dissociating the ribonucleic acid from the 
protein, with which it is in firm combina- 
tion, without denaturing the protein, so it 
cannot be stated whether the protein moietv' 
alone shows any effect. 

A convenient material for studying the ac- 
tive protein fraction of embr.vonic extracts 
has been prepared by precipitation of ex- 
tracts in the cold ( — 1S°C) by a modifica- 
tion of the method used by Hardy and 
Gardiner* and others for delipidation of ser- 
um and plasma proteins. Enbrj-onic extracts 
are made by mixing equal parts of tissue pulp 
and Ringer solution, and the\" therefore con- 
tain only material relatively easily extracta- 
ble from the tissue. Such extracts, and hence 
also the powders prepared from them by cold- 
precipitation, are almost completely free from 
deso.xj'riboniicleic acid. The stable, dry 
preparations of tissue protein obtained in this 
way give solutions in saline which possess 
the activity under discussion. 

Examination of solutions of some of the 
powders so prepared in the Tiselius electro- 
phoresis apparatus revealed that chick em- 
bryo preparations contain components of 
relatively few different mobilities. Prepara- 
tions from calf embryos were even simpler 

3 Hardy, W. B., and Gardiner, S., J. Flij/siol.. 
1910, 40, Ixviii. 


in this respect, showing, in buffers of 2 dif- 
ferent pH values, only a narrow range of 
mobilities. It was therefore thought to be 
of interest to examine the sedimentation of 
such a preparation in the ultracentrifuge; 
and through the courtesy of Dr. K. 0. Peder- 
sen of Upsala, this was done. For com- 
parison with the calf embryo preparation, a 
powder prepared in exactly the same man- 
ner from the muscle of adult cow was also 
e.xamined. The cow muscle preparation con- 
tained, as would be expected, several com- 
ponents, nolabh" those with sedimentation 
constants (son) in the region of 1, S and 8. 
Electrophoreticallj’- this preparatoin was rel- 
ativeh' homogeneous. The embryonic calf 
preparation, on the other hand, contained 
onl\' one principal component, with s^o = 
4.S, and corresponding therefore in size with 
the albumin group of proteins. 

Of the low molecular substances preci- 
pitated with the proteins by the Hardy and 
Gardiner technic, a special e.xamination of 
the phosphorus fractions has been made, 
since, as in plasma (Waymouth and David- 
son^), a large proportion of inorganic and 
acid-soluble phosphorus appears in the final 
product. The greater part of these fractions 
could, however, be removed from the extract 
before precipitation, by diah’sis overnight 
against running tapwater at about 10°C, 
without affecting the activitif of the protein 
powder upon the growth of the tissue cul- 
tures. 

These preliminar}' e.xperiments have dem- 
onstrated that a t3'pe of growth-stimulating 
activit3' is associated with a protein frac- 
tion containing ribonucleoprotein, and pos- 
sessing. for a material prepared by such a 
crude procedure, a surprisingh^ high degree 
of homogeneit3' in electrophoretic migration 
and in ultracentrifugal sedimentation. Growth- 
promoting activity was also found in adult 
tissue preparations made in a similar way, 
and it is thought that the t3^pe of substance 
responsible for the effect may be widely dis- 
tributed in tissue cells, though masked in 
adult tissue extracts by the relatively higher 
proportion of nonactive components. 

■I "Waymoutli, C., and Davidson, J. N., liioch^m. 

J., 1940, 40, proc. 
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Changes in Concentration of Enzymes in Pancreatic Juice After Giving 

Insulin.* 

J. E. Tho.mas axd J. 0. Crider. 

From the Department of Phtixioloff;/, Jefferson iledienl Colleffc. 


Babkin' has recently reviewed the litera- 
ture dealing with the effects of hj-poglycemia 
and hv'perglycemia on the external secretorx- 
function of the pancreas, hence only a brief 
summar\’ of the conclusions to be drawn 
from previous experimental work will be 
gi\-en here. In cross-circulated dogs hj'po- 
gh'cemia of the head diminishes and htper- 
glycemia augments the output of fluid and 
enzjTnes from the pancreas (La Barre and 
Destree-"'). In rabbits hypoglycemia de- 
creases the output of enz\Tnes from the pan- 
creas through a central action and hj'per- 
gh-cemia increases the output through a 
peripheral action (Ba.xter,’ Hebb®). .A.lso in 
rabbits the normal “trophic” effect (increase 
in enzyme output) of vagus stimulation is 
reversed by hjpogljxemia (Hebb®). Experi- 
ments on human subjects have given quite 
different results from those obtained on an- 
esthetized animals. Insulin hjpoglycemia 
stimulates the flow of pancreatic juice in man 
(Okada') but not if gastric juice is e.xcluded 

• Wc nrp indebted to Dr. Jt. H. F. Friedman for 
making tlie dotermin.ations of tryptic activity and 
to Dr. Friedman and to Wyetli, Inc., for adequate 
supplies of secretin. We are also indebted to Prof. 
Abraliain Cantarow in wliose laboratory the blood 
sugar determinations were made. 

J Babkin. B. P.. Sccrctoni Mechanism of the 
Digestive GlanJs, Hoeber, Xew York, 1942. 

2 tLa Barre, J., and Destr^, P., C. It. Soc. Diot. 
Paris. 1928, 98, 1237: Ibid., 192S, 98. 1240: Ibid., 
192S, 99. 1056; Ibid.. 192S, 99, 1874; /6iVf„ 1929, 
101, 147; Ibid., 1933, 110, 1177. 

3 t La Barre, J., C. It. Sac. Dial. Paris, 1928, 
99, 1033; Am. J. Phi/sioi.. 1930, 94, 117. 

4 I Destree. P., C. E. Soc. Biol. Pan.s, 1930, 104, 
1038. 

t Cited by Babkin. i 

( Baxter, 8. G., J. Exp. Physiol., 1932, 

21, 335. 

iHebb. C. O.. Quart. J. Exp. Phy.sioL, 1937, 
20. 339. 

7 tOkada, S., Xapoya J. med Sri.. 1933. 7, 91. 


from the intestines (Frisk and AVelin®). The 
same is true of fistula dogs (Scott ct al.°) 
WTien given with secretin, insulin increases 
the output of pancreatic enzianes in man 
(Lagerlof and Welin'®). 

-Apparently no information is available re- 
garding the effect of insulin-induced hipo- 
gh'cemia on the output of pancreatic enzymes 
in unanesthetized e.xperimental animals. 
This report is intended as a contribution to 
the study of that problem. 

jMct/wds. The experiments were per- 
formed on 3 dogs having tubulated gastric 
and duodenal fistulas with the duodenal 
fistula opposite the main pancreatic duct. 
Pancreatic juice was collected through a tem- 
porary glass cannula inserted into the duct 
via the duodenal fistula.®-" The stomach 
was drained noth the aid of suction through 
a double drainage tube passed throu.gh the 
gastric fistula all the way to the pylorus. 
The drainage tube was made up of a rather 
large soft rubber outer tube within which 
was a much smaller inner tube. Both tubes 
had numerous perforations near the pjdoric 
end. The inner tube was connected through 
a trap to a water-operated vacuum pump. 

Because, insulin alone does not stimulate 
pancreatic secretion in the dog.® secretin was 
given by continuous intravenous injection 
throughout each e.xperiment by means of a 
motor-driven pump. The rate of secretin 
injection was adjusted to give an estimated 
3 to 4 cc of pancreatic juice in 10 minutes 
•but these limits were frequently e.xceeded 
in practice. 

3 t Frisk, -A. E., and Welin, G., Aeta med. scand., 
1937, 01, 170. 

9 Bcott, 1 . Brown, Collingnon, TJ. J., Bugel, H. J., 
and Jolinson, G. C., Am. J. Physiol.. 1941, 134 oQS 
tLigerlof, H., and W'elin, G., Acta ’med. 
scand.. 1937, 91, 397. 

14 Hart, Win. it., and Tkomas, .T. E., Gastro- 
enterology, 1945. 4, 409. 
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The dogs were fed once daily and were 
used for experiments before feeding, when 
the stomach was generally empty. If any 
food residues remained they were removed 
through the fistula before starting the ex- 
periment. 

Pancreatic juice was collected continuously 
and divided into separate samples, each col- 
lected during a 10-minute interval. After 
a control period during which at least 5 
10-minute samples were collected with secre- 
tin alone, insulin was given intravenously in 
doses ranging from 7.5 to 20 units (total 
dose). The e.xperiment was then continued 
for one hour or longer without further modi- 
fication. Blood samples were collected from 
a leg vein at intervals throughout each ex- 
periment. Blood sugars were determined by 
the Benedict method. 

The volume and specific gravity of each 
10-minute sample of pancreatic juice were 
measured. Specific gravity was determined 
by weighing the juice in a 1 ml specific gravi- 
ty bottle at room temperature. The control 
samples and the samples collected after giv- 
ing insulin were then poured into separate 
containers and the proteolytic activity de- 
termined on each group of pooled samples. 
The first sample collected and any addition- 
al samples obtained while adjusting the rate 
of secretin injection were excluded from the 
control pool. 

Results. Sixteen reasonably satisfactory 
experiments were performed. Four experi- 
ments were discarded because of technical 
difficulties, the most common being the ap- 
pearance of excessive amounts of acid in the 
duodenal contents. Only those experiments 
were discarded in which, in our judgment, 
the technical failures materially influenced 
the results. 

Blood Sugars. The range of control blood 
sugar concentrations was approximately the 
same in the 3 dogs used. The highest con- 
trol value was 95 mg per 100 ml and the 
lowest 51 mg. Only 3 were above 70 mg 
and 3 were below 60 mg. The doses of in- 
sulin were sufficient to lower the blood sugar 
to between 30 and 40 mg in most instances. 

■ 12 Benedict, sTgT^^ Chem., 1920, 83, 16.1; 

1928, 70, 457. 


In 2 experiments, both in- the same animal 
(2-46) the blood sugar fell to below 30 mg. 
Restlessness, dilation of the pupils, increase 
in pulse rate and, occasionally, drowsiness 
were observed in association with hypo- 
glycemia. Blood sugar values are recorded 
along w'ith other data in Table I. 

Changes in Specific Gravity of Pancreatic 
Juice. Specific gravity ivas used as an index 
of the nitrogen content of the pancreatic juice 
with which it has a linear relation.’^ The 
nitrogen, in turn, is believed to vary with 
the enzyme content.'* .'\fter giving insulin 
the specific gravity invariably increased. The 
increase was generally evident in the first 
10-minute sample collected after giving in- 
sulin and reached a maximum within 30 to 
40 minutes. The subsequent decline was 
gradual and seldom reached the control level 
during the one to 2 hours that the' observa- 
tions were continued. Detailed data are 
given in Table I and a IvTiical experiment is 
illustrated in Fig. 1. The significance of the 
changes in specific gravity will be more evi- 
dent if the estimated values for average 
total nitrogen before and after giving insulin- 
are compared. Increases of well over 100% 
of the control value for total nitrogen are 
common among the average values after in- 
sulin. The average values, however, fail to 
reveal the full effect of insulin since they 
include data on samples collected before the 
response was fulW developed. In this situa- 
tion the maximum values are more signifi- 
cant. 

Changes in Tryptic .Activity. Tryptic ac- 
tivity is expressed in Table I in terms of 
the velocity constant, k, as determined 65- 
the rate of decrease in turbidity of a col- 
loidal suspension of coagulated egg white.'-'-'® 
It is evident that in the 10 e.xperiments in 
which enzyme determinations were made the 
trvptic activity increased with increasing 
specific gravity in all but 2. In one of these 

13 Crider, .T. 0., .mcl Tliomas, J. E., Am. J. 
Physiol., 1944, 141, 730. 

14 B.nblti!), B. P., and Ticliomirov, N. P., Z. /. 
jihysiol. Chc7n., 1909, 63, 468. 

« Friedman, 31. H. P., P'-^ss. 

ic Riggs, B. C., and Stadie, W. C., J. Biol. Chem., 
1.043, 1.-50, 463. 
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(note “d” in Table I), the experiment was 
on a dog (1-44) in which discrepancies be- 
tween tryptic activity, and total nitrogen 
as determined by the Kjeldahl method, were 
common. Such discrepancies were rare or 
did not occur in a considerable number of 
other dogs that we have studied and we be- 
lieve this dog to be unique in this respect. 

In the other instance (Dog 1-46, 6/19/46) 
the difference is small and probably within 
the range of experimental error. _ _ 

Effects on the Volume of Pancreatic Jtitce. 

In 8 of the experiments summarized in Table i 


I the average volume of the 10-minute sam- 
ples of pancreatic juice secreted during the 
first hour after insulin was greater than dur- 
ing the control period. In 5 it was less and 
in 3 there was practically no change (less 
than 0.5 cc). The differences in either di- 
rection seldom exceed the nonnal range of 
variation and are clearly not significant. 
However, in a few experiments there was a 
definite decrease in volume after insulin 
which, when it occurred, became more evi- 
dent toward the end of the experiment. 
Discussion. .A.ccording to the available 
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evidence the changes in visceral function fol- 
loiving administration of insulin are caused 
by stimulation of the '.^agus centers through 
the influence of h\-poglyceniia. Our experi- 
ments provide no additional evidence for or 
against that view. The occurrence of rest- 
lessness and tachycardia in dogs, convulsions 
in other animals, and of sweating and con- 
vulsions in the human indicates that the 
stimulation is genera! and is not confined to 
the vagus or the parasj'mpathetic centers. 
The increased output of epinephrin which 
tends to counteract the fall in blood sugar 
may be taken as a specific indication of stim- 
ulation of thoracolumbar sjanpathetic mecha- 
nisms. 

In such a situation the effect on the 
pancreas, which receir'es both excitatory and 
inhibitory innervation, could hardly be pre- 
dicted. It would doubtless represent a sum- 
mation of antagonistic influences and would 
probably be readily modified b.v e.xperi- 
mental conditions such as anesthesia and op- 
erative trauma. It is not surprising, there- 
fore. that our results in unanesthetized dogs 
are quite opposite to those previously re- 
ported on anesthetized, operated animals. 
Since they agree with the results obtained 
in human experiments they probably repre- 
sent the normal reaction of the pancreatic 
secretory mechanism to the complex situa- 


tion resulting from acute hj’poglycemia. 

The inhibitory effects of hypoglycemia were 
manifest in some of our experiments only as 
a late decrease in volume of pancreatic juice 
secreted in response to a constant stimulus 
(secretin). Babkin^ has suggested that these 
effects may be due to inability of the pan- 
creas to function normally without an abun- 
dant supply of carbohydrate for its metabolic 
needs. In our experiments the volume, when 
low, could be promptly restored to normal 
br- slighth- increasing the rate of secretin 
injection. The specific gravity of the juice 
remained high in these circumstances. Clear- 
h' the pancreas was still capable of normal 
function when adequately stimulated. The 
decreased response to secretin in these experi- 
ments could be attributed to vascular changes 
or to preponderance of the inhibitory in- 
nervation. 

Summary and Condtisions. Specific gravi- 
ty and tri-ptic activity of dog’s pancreatic 
juice secreted in response to continuous in- 
jection of secretin are increased following ad- 
ministration of insulin. The average vol- 
ume secreted during the first hour after giv- 
ing insulin is not significantly affected. In- 
hibitory effects of hypogij'cemia described 
as occurring in anesthetized, operated ani- 
mals are not readily demonstrated in un- 
anesthetized dogs. 
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Some Effects of Desoxycorticosterone Acetate on Mice Irradiated 

with X-rays.’^ 


Friedrich Eeunger. 

From ihc Lohnrainry for F.rpprhnrntol Jliiihniion Theropti, Loup IsUtiitl Collcpr of Mcdicinr. 

Uroollnii, AM'. 


Total body irradiation with X-rays pro- 
duces fatty changes in the livers of irradiated 
animals.' We have recently demonstrated 

*■ Aided by grants from the Joim and Atarr R. 
Alarkle Foundation, Xe\e York, and tlie Sebering 
Corporation, Bloomfield, N.J, 

1 ElJinger, F., Ladiolopi/. 1015, -14, C41. 

2 Eilinger, F., Science, 1040, 104, 502. 


that the administration of desoxycorticos- 
terone acetate protects the livers of mice ir- 
radiated mth various lethal doses of X-rays 
against these fattj- liver changes.- It was 
noted in addition that there was a decrease 
in the mortality rates produced by the pre- 
viously used X-ray doses. It is the purpose 
of this paper to analyze these phenomena 
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in more detail. 

Methods. A total of 166 white male Swiss 
mice 22 g ± 15% in weight was used, 62 of 
these received total bod}' irradiation with 
X-rays only, while 104 animals received simi- 
lar irradiation and desoxycorticosterone. All 
mice received 500 r/air in one exposure 
0.75 mm Cu). This dose represents the 
LD,-,o. The technic of irradiation was the 
same as previously described.''' 

Dail}' doses of desoxycorticosterone ace- 
tate* in sesame oil of either 0.25, 0.5 or 1.0 
mg were administered intramuscularly 6 
times weekly over a period of 10-18 days. 
The total doses varied between 2.5 and 13.0 
mg. 

The effect on mortality rate, fat content 
of livers and radiation changes in other or- 

3 Ellinger, P., Haclioloffy, 1945, 44, 125. 

t We are greatly indebted to Dr. E. Henderson of 
the Sebering Co. for generously supplying ns rvitli 
desoxycorticosterone acetate. 


gans was studied at death of the animals. 
Survivors were observ'ed 28-40 days, in some 
instances up to 240 days. 

The fat content of livers was studied using 
sections stained with Sudan III, with the 
following grading: 

0 X'o sudanopbile fat. 

-|- Traces of fat, as occasion.ally seen in 
non-irrndiated livers. 

-f-f- Increased aniount of fat u-ith definite 
arrangement around central vessel. 

Considerable increase in fat. 

-(-4--f--f- Fat inabing up an entire lobulus. 

The arithmetical mean of these various 
grades of sudanopbile fat was used for the 
quantitative evaluation of the histological 
changes, and called the “fat index.” 

Results. .\ graphic presentation of our ex- 
periences with various doses of desoxycor- 
ticosterone on the lethal effect produced by 
500 r/air of X-rays, given as total body ir- 
radiation in one e.xposure, is shown in Fig. 1. 

It might be noted that desoxycorticosterone 
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Iiifluenco of troatment with desoxvcorticosteronc 
on the appearance of sudaiio])Iu)e fat in the livers 
of irradiated mice. Abscissa: Days after e.vjmsure 
to X-rays, Ordinate: .\ritlimetieni mean of the 
arbitrary grades of sudanophile fat (fat indices) 
for each day. 

decreases the lethal effect of this X-ray dose. 

From our previous studies it was inferred 
that there might be a quantitative relation- 
ship between the dose of deso.yj’corticosterone 
and the decrease in mortality rate produced 


by the X-rays. 

Our data on the influence of deso.xy- 
corticosterone on the mortality rate have 
therefore been broken down into 3 groups 
for a closer analysis of this phenomenon: 
(a) mice receiving 0.25 mg daily (36 ani- 
mals), (b) mice receiving 0.5 mg daily (34 
animals), (c) mice receiving 1.0 mg daily 
(34 animals). Furthermore, the total data 
concerning the mortality rate produced by 
irradiation of mice with 500 r/air not treated 
with desoxj'corticosterone has been divided 
into 2 groups: 500 r I and II consisting of 
35 and 27 animals respectively, in order to 
demonstrate the variation in the mortalit}* rate 
of solely irradiated mice. The graph demon- 
strates a slight variation in the mortality 
curx’es of the 2 groups of mice which received 
irradiation onl.v. .Administration of daily 
doses of 0.25 mg of desoxycorticosterone de- 
creases the lethal effect of the X-ray dose 
beyond the variation observed in untreated 
irradiated mice. The decrease in mortality 
rate is still more marked in the group of mice 
which received 0,5 mg of desoxycorticosterone 
daily. The adn.inistration of 1.0 mg. how- 






DAYS 7 


e 9 10 11 12 13 1A 15 16 IS 20 22 24 26 28 30 34 38 

Fig. 4 . 
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ainicarniicc of smlaiiopiiilo fat of Die livers of irradiated mice, indicates a graded effect of 
desoxj'corticosterone. 


ever, does not change the mortality rate. 
The mice receiving the largest daily doses 
evidently were suffering from an intoxication 
produced by these large amounts of desoxy- 
corticosterone, which manifested itself in a 
ragged fur, sometimes loss of fur and con- 
siderable emaciation of the animals. 

Our observations concerning the liver 
changes found in both the untreated irra- 
diated and the irradiated and desoxycor- 
ticosterone-treated mice are presented in 
Fig. 2. This graph shows that the decrease 
in mortality rate produced by the adminis- 
tration of desoxycorticosterone is accompanied 
bv a marked and statistically valid decrease 
in the formation of sudanophile fat in the 
livers of irradiated and deso.xycorticosterone- 
treated animals. 

Fig. 2 confirms previous observations^ that 
the occurrence of sudanophile fat in irradi- 
ated livers proceeds in waves with peaks at 


various limes after cessation of irradiation. 

Recognition of this fact raises the question, 
whether the observed reduction in the oc- 
currence of sudanophile fat in the irradiated 
and desoxycorticosterone-treated animals 

might not be due to the fact that death in 
these animals occurs at later dates, where 
the manifestation of sudanophile fat is less 
pronounced. 

To answer this question animals have been 
killed at various dates after irradiation in 
both groups. Fig. 3 shows our observations. 
The data, though not statistically relevant, 
appear significant, showing a marked reduc- 
tion in the amount of sudanophile fat in the 

desoxycorticosterone-treated group, when 

compared with the finding in the untreated 
irradiated mice. The fat indices are 0.19 
and 0.9 respectively. 

In Fig. 4, finally, data on the effect of 

desoxycorticosterone on the appearance of 
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sudanophile fat are arranged according to 
the size of the daily doses of desoxycorticos- 
terone. Section A of Fig. 4 shows the results 
in the untreated irradiated mice. Section B 
in those which received 0.25 mg of desoxt’- 
corticosterone daily. Section C of those which 
received 0.5 mg and Section D of those which 
received 1.0 mg daily. The fat indices are 
1.3. 0.7. 0,4S and 0.00 respectively. 

The trend of Fig. 4 corresponds to the ob- 
servations concerning the influence of vari- 
ous daily doses of desoxycorticosterone on 
the mortality rate. It is verj' interesting to 
note that the administration of daily doses 
of I.O mg are able to suppress the appear- 
ance of sudanophile fat in the livers com- 
pletely, although these doses do not reduce 
the mortality rate, 

Xo significant changes in the effect of the 
X-ray on spleen and bone marrow was ob- 
seiY'ed with any of the used doses of desoxy- 
corticosterone. 

Dhaission. The data presented in this 
paper confirm the previously described pro- 
tective action of desoxycorticosterone acetate 
against X-ray-induced liver changes. They 
establish a parallelism between the reduction 
in sudanophile liver fat and the decrease in 
mortality rate in the irradiated and deso.x}’- 
corticosterone-treated animals. 

The analysis of the phenomena presented 
reveals that both effects within certain limits 
are dependent on the size of the daily dose 
of deso.xycorticosterone. 

The obseiwation of a graded action of 
deso.xycorticosterone with respect to its pro- 
tective power against X-ra)'-induced liver 
damage, seems to indicate a definite antag- 
onistic effect to the processes leading to the 
appearance of sudanophile fat in the liver. 

We have recently adduced the evidence^ 
which makes it highly probable that the oc- 
currence of fatty changes in the livers of 
irradiated animals is the result of an indirect 
action of the rays by release of tissue break- 
down products, histamine-like in character, 
most probably histamine itself. 

Since desoxx-corlkosterone is known to 
counteract certain histamine effects'* it ap- 

•I Swingle. W. W. .ni,a Remington, J. -W.. Phy^. 
Rd'., 1944. 24. S9. 


pears highly probable that its protection 
against radiation-induced liver changes is 
based on this known histamine antagonism. 

In favor of this e.xplanation of the effect 
of deso.xycorticosterone is the obserx'ation that 
desoxycorticosterone leax-es the radiation ef- 
fects on spleen and bone marrow unchanged. 
These effects are considered as predominant- 
ly the result of the direct destructive action 
of the X-ray in these tissues." 

The evidence presented in this paper in- 
dicates the possibilities of closer analysis of 
radiation effects b\' pharmacological means. 

Finally, these data provide a pharmacolog- 
ical basis which justifies the use of desoxx^- 
corticosterone in the treatment of radiation 
sickness, a general intoxication of the irradi- 
ated patient, caused by the release of tissue 
break-down products. While our data indi- 
cate in a general way the usefulness of 
desoxx’corticosterone for the treatment of 
radiation sickness, these observations should 
not be interpreted as indicating optimal doses 
for therapeutic purposes. 

Summary. 2. .A reduction in mortality 
rate of mice irradiated with X-ray by the 
use of desoxj'corticosterone acetate has been 
demonstrated. 2. The reduction in mortality 
rate has been correlated with the protective 
action of desoxx-corticosterone against radia- 
tion-induced Hx'er changes. 3. It has been 
shoxvn that reduction in mortality rate and 
protection against radiation-induced liver 
changes are dependent, within limits, on the 
size of the daily dose of desoxx’corticosterone, 
4. It has been suggested that the graded ef- 
fect of deso.xj'corticosterone is possibly due 
to an antagonism to the indirect action of 
the X-rays which consists in the release of 
histamine-like substances from the irradiated 
tissues. 5. The data presented are proposed 
as a pharmacological basis which justifies the 
clinical use of deso.xycorticosterone in the 
treatment of radiation sickness. 

The author tvishes to express Hs grntitutie to 
Dr. A, L. L. Bell. Director of the Department of 
Raaiolngv, Doug Island College of Medicine, for 
liis hind interest in and support of these investiga- 
tions. 

V.alu.xble leelinic.al assistauee has been rendered 
bv Miss Je.-in Bernstein. 
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Quantitative Measurement of Growth of Mycobacterium tuberculosis. 

Effect of Streptomycin. 

Dorothy G. Smith. (Introduced by Selman A. 'W^aksman.) 

From the Kew .Tcr.sri/ Apriciiltural Experiment Station, New UnniswieJ:, N..t. 


Quantitative estimation of the growth of 
Slycobacfcriuin tuberculosis has been seri- 
ously handicapped by lack of simple, accurate, 
and safe methods of measurement. For this 
reason, the determination of the normal cul- 
ture cycle of this organism, the rate of growth, 
and the in vitro effects of growth-promoting 
and growth-inhibiting substances has been 
difficult. Visual approximation of growth 
and weighing of pellicles with all the con- 
comitant danger due to handling of the cul- 
ture have been the only available, though 
unsatisfactory, methods. These were danger- 
ous, or they involved technical difficulties 
and inaccuracies, as pointed out by Mueller.’ 

Recently, youmans" measured the normal 
culture cycle, growth rate, and generation 
time of the H37Rv strain of the virulent 
human type tubercle bacilli by means of 
micro-Kjeldahl nitrogen determinations. He 
suggested the use of this procedure in the 
evaluation of the efficacy of chemotherapeutic 
agents upon the organism of tuberculosis. 
Because of the complexity of this test, its 
use for mass determinations may be ques- 
tioned. 

Dubois" suggested the possibility of mak- 
ing use of nephelometric measurements in 
establishing the value of the oil of chaul- 
moogra and its derivatives on the growth of 
avian bacilli in Kirchner's medium.'* Homo- 
geneous growth in this medium, contrary to 
the usual result obtained with cultures of 

*' .Tourn.Tl Scrip.'! Pfipcr, Xcw .Tersev .tgriciilliiral 
Kxiicnmciit Sfatioi). Rutgcr.s t'jiivcr.sity, I)c|>ar(. 
nicnt (»f ^tierobiolofr.v. 

t Pjirtly sui)|)iirtc(l by a Kniiit iiiatlc Ijy tlic 
.\llicrt and Xtary Lasker Foundation of Xew York. 

J crueller, .r. it., -7. Bael., ItlS.j, 2!», 3S3. 

2 Youinans, G. P., -7. /tart., ia4(i, .Tl, 7(13. 

S Dubois, A., A?iii. Soc. hcl'jc dr Mrd. Trap., 1044, 
34, 1. 

■1 Kircimer, 0., Zcntral. f. J/alctcriologie, 1932, 

I Crig., 134, 403. 


mycobacteria, was reported. 

Dubos,** using a modification of the Kirch- 
ner formula, developed a medium in which 
both the pathogenic and the saprophytic va- 
rieties of mycobacteria produce a diffuse type 
of growth. At times, human bacilli form 
microscopic clumps of loosely packed cells, 
which can be readily dispersed by moderate 
shaking to form a uniformlj’ turbid suspen- 
sion. Such uniformh' diffused growth fa- 
cilitates accurate turbidimetric measurements. 

Since none of the existing procedures was 
satisfactory for safe and accurate determina- 
tion of growth of mycobacteria, advantage 
was taken of the uniform turbiditj’ produced 
in Dubos’ medium to develop a suitable 
method for estimating the growth of these 
organisms. This method found special ap- 
plication in the study of the effect of strep- 
tom.vcin upon the growth of this organism. 

Procedure. Stock cultures of M. tuber- 
culosis avium (.ATCC N'o. 7992), an avirulent 
strain of M. tuberculosis var. hominis No. 
607. a virulent strain of M. tuberculosis var. 
homiuis H37Rv, and a streptonwein-resistant 
strain of M. tuberculosis var. hominis H37Rv 
obtained from Dr. G. P. Youmans were 
maintained on glycerol-nutrient agar slants 
and in Dubos' medium.-' For the growth of 
virulent human varieties, 0.2% bovine serum 
albumin (fraction V) was added to the me- 
dium. The ages of the cultures varied de- 
pending on their rate of growth, namely, 7 
days for ill. avium and M. tuberculosis No. 
607 and 3 to 5 weeks for M. tuberculosis 
H37Rv and H37Rv streptomycin-resistant. 

For purposes of inoculation, a homogeneous 
suspension of cells was made in a simplified 
modification of Dubos’ medium, which was 
incapable of supporting significant growth 
and consisted only of the salt mixture plus 

Dubos, E. .T., niid Davis, B. D., J. Fxp. 3lcd., 
1940, 8t}. 409. 
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Fig. 1. 

Turbidimetrie ^leasurcnient of Suspensions of Mycohactcrium tuhcrciilosis Xo. GO", 


Tiveen 80.^ The purpose of this Tween-salt 
solution was to avoid, as much as possible, 
the introduction of nutrients when inoculat- 
ing nutritionalty-deficient media. 

The suspension was prepared as follows: 
Growth from an agar slant was added to a 
small amount of the Tween-salt mixture and 
shaken with sterile glass beads. This result- 
ed in a homogeneous suspension which could 
be diluted to the desired density. If cul- 
tures grown in Dubos’ medium were used, 
they were diluted or were used undiluted, 
depending upon their density. Turbidimetrie 

t Tivccn 80 is .a polrethylcne deriv.ative of sor- 
bitau moiioolc.ate and acts as a detergent in this 
medium. 


readings of suspensions containing weighed 
amounts of cells have shown that 1 mg of 
cells (wet weight) per milliliter of fluid 
formed a suspension which gave turbidi- 
metric readings of 100-105 on a Klett-Sum- 
merson colorimeter. A certain amount of 
growth of the organism was suspended in 
the medium and adjusted to give a reading 
of 100. Further dilution was made with 
the Tween-salt solution until the required 
concentration of cells was obtained. 

The experiment was now set up by seeding 
the media with 4.5 ml portions of a suspen- 
sion of bacterial cells in test tubes. For 
controls, 5-mI amounts were used; for the 
study of the effect of streptomycin, O.S-mi 
portions of the various concentrations of druo- 
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TACT^E 3. 

InHuciicc of Iiioeulmii on Bnte i.f Growth of .M ynhnctcrinm UihcrcnUxis Xo. «0r.* 


Concentration of cells, mg/ml 


Time of incubation, In 

in-3 

lO-r. 10-7 10-!i 

Turbidimetric, readings (in logs) 

10-111 

24 

9 

7 

0 

0 

0 

4S 

20 

7 

0 

0 

0 

72 

44 

34 

8 

0 

0 

Ofi 

00 

54 

31 

8 

0 

1S4 

100 

100 

S.3 

72 

0 ■ 

330 

loO 

150 

138 

153 

0 

* Dubos’ medium 

without enriebiuent with dc.xtrose. 

vego.x, and albumin. 

; 


were added to 4.5 ml of the seeded medium. 
The cultures were incubated at 37°C. and 
turbidimelric readings were made at frequent 
intervals. In media with extremely low nu- 
tritive value, some firm clumps of cells were 
formed after 10 to 21 days of incubation, 
depending on the rate of growth of the cul- 
ture. No clumping was observed in Dubos’ 
medium even after 6 weeks’ incubation. 

The tubercle bacilli can be grown on fairly 
simple media. Dubos' medium, consisting of 
KH..PO,, iVacHPOj • I 2 H 2 O, MgSO., • 7 H 2 O, 
sodium citrate. Tween SO, an enzymatic di- 
gest of casein, dextrose, vegex (a vegetable 
extract), and bovine serum-aibumin, is rather 
complex and supports abundant growth of 
the human pathogenic strains of mycobacteria 
as welt as of the saprophytic forms. How- 
ever, considerable growth can still be ob- 
tained if all complex organic materials are 
omitted and ammonium salt is used as a 
source of nitrogen with the citrate as the sole 
source of carbon. Thus the above medium 
can be simplified so as to be made S3'n- 
thelicalh', and still remain adequate for 
growth of the organism. By the use of this 


or similar modifications, it was possible to- 
study the physiology of the tubercle bacilli 
and to investigate the effect of streptomycin 
on the metabolism of the organism. 

In preliminary' experiments, -bacterial sus- 
pensions were prepared for purposes of in- 
oculation using weighed amounts of cells. 
The uniform turbidity' of these suspensions 
made possible the construction of a standard 
curve for the determination of the weight of 
the cell material in terms of turbidity read- 
ings. This is shown in Fig. 1, where the 
weight of the cells ranging from 0.01 mg/ml 
to 2.0 mg/ml was plotted against tur- 
bidimetric readings as given on the scale of 
the Klett-Summerson colorimeter. Readings 
above 2.0 mg/ml diverged from a straight 
line, whereas those below 0,01 rag/ml 
could not be accurately measured. Two ad- 
vantages of such a procedure are obvious, 
namely, the ease of correlating turbidity with 
the weight of cell material, and the elimina- 
tion of undue handling of the culture. 

If a standard curve is made based on the 
plate counts of viable bacteria in a suspen- 
sion, the value of the turbidimetric readings 


TABLE II. 

Influence of Nitrogenous Matcri.ils on the Sate of Growtii of ifi/coJ/actcrhim tuberculosis var. 

hominis H37Ev. 


Concentration of cells in mg/m}, 5 X 10^ _ . , i t 

Constituent of metiium citrate. Asparagine, Tryptoplianc, Dubos mecluim 

0.2% 0.2% (albumin) 

Time of incubation, br Turbidimetric readings (in logs) 


24 

0 

0 

0 

o 

O 

8 

0 

3 

1 120 

244 

334 

507 

0 

9 

11 

11 

4 

16 

19 

13 

13 

20 

26 

34 

16 

56 

So 

244 
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TABLE III. 

Influence of Nitrogenous Materials on the Bacteriostatic Action of Streptomycin, ilycohac- 

icrium tuberculosis No. 607*. 


Source of nitrogen 

.Streptoiiiyein, 

,ig/ml 

Incubation in hr 

24 48 72 187 

Turbidimetric readings (in 

"Ib; 

logs) 

Final pH 

NH. citrate, 

0.4 

0 

17 

27 

27 

67 

6.20 

0.27„ 

0.2 

0 

11 

27 

25 

67 

6.20 


0.1 

1 

16 

27 

30 

72 

6.20 


0 

1 

14 

29 

30 

60 

6,20 

Aspar.igine, 

0.4 

0 

0 

0 

0 

5 

7.SS 

0.2% 

0.2 

0 

0 

0 

30 

45 

7,92 


0.1 

0 

16 

37 

35 

31 

S.05 


0 

o 

25 

38 

37 

85 

8.06 

Casein digest. 

0.4 

0 

0 

0 

0 

0 

8.20 

0.2%, 

0.2 

n 

2 

3 

6 

6 

S.IS 


0.1 

2 

16 

34 

S3 

lOS 

8.30 


0 

3 

13 

43 

113 

154 

8.40 

Beef extract, 

0.4 

0 

0 

0 

52 

155 

r.ss 

0.3%, 

0.2 

1 

10 

25 

96 

157 

S.3S 


0.1 

4 

27 

48 

150 

165 

8.48 


0 

5 

31 

55 

165 

150 

8.45 


* The media -were seeded with 10-3 mg cells/ml. 


maj’ be extended to correlate turbidity 
measurements with the number of viable 
cells. A series of 10 determinations were 
made with 7-daj'-old cultures of M. tuber- 
culosis No. 607 and of M. avium on glycerol- 
nutrient agar. Consistently reproducible 
counts of viable cells were obtained, the num- 
bers of viable organisms being 50.6 million 
cells for ill. tuberculosis and 59.5 millions for 
M. avium per milligram, with a turbidity 
reading of 101, with 1 mg of cell material 
per milliliter. When determining numbers 
of viable organisms, certain limitations must 
be kept in mind. First, at least on solid 
medium, it is often difficult to initiate growth 
with small numbers of tubercle bacilli; wide 
variation in results may, therefore, occur. 
Secondly, optical densities are proportional 
to the numbers of bacteria only where or- 
ganisms of the same size or size distributions 
occur.® WTien grown in the presence of anti- 
biotic agents, the organisms frequently as- 
sume elongated shapes, increasing in volume 
rather than dividing into separate components. 
In comparing cultures grown in the presence 
and in the absence of antibiotic agents, the 

CTreffers, H. P., Talc J. of Biol nnci ilcd., 
1946, 18, GOD. 


optical density is a measure of the relative 
volumes or masses rather than of the num- 
bers of bacteria. Even with these limita- 
tions, turbidimetric readings were found to 
permit satisfactory interpretation of results 
once the relationship between ■ turbiditjq 
weight of cells, and numbers of viable or- 
ganisms had been established. 

Experimental Results. The application of 
the turbidimetric method for the quantita- 
tive estimation of the growth of tubercle 
bacilli is demonstrated in several e.xperinients. 
Table I shows the influence of inoculum on 
the rate of growth of ill. tuberculosis No. 607 
in a modification of Dubos’ medium. During 
the first 96 to 184 hours, the rate of growth 
was dependent upon the size of the inoculum; 
then growth appeared to proceed at a more 
or less uniform rate regardless of the initial 
concentration of the cells, as indicated bj”^ 
the readings at 330 hours. Similar results 
were obtained with 21. avium and with the 
streptomycin-resistant and -sensitive strains 
of ill. tuberculosis H37Rv. In this case, as 
in all other media used for the growth of 
tubercle bacilli, the strains pathogenic to man 
grew at a much slower rate than the sapro- 
phytes. The data also agree with the p’ats 
counts of viable bacteria, growth taking place 
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with 10 " mg of cell material per milliliter 
but not with 10’’". According to the actual 
count, 10"* mg of cell material should con- 
tain 6 viable cells; it is, of course, possible 
that one or more cells would be found even 
in the higher dilutions which would account 
for the growth recorded for the 10'" mg/ml 
suspension. 

When a medium is inoculated with increas- 
ing concentrations of cells, there is a cor- 
responding decrease in the lag period of 
growth, but all of the resulting cultures final- 
1\' reach the same degree of density. On 
the other hand, if the inoculum is held con- 
stant and the nutrient value of the medium 
is varied, quite different results are obtained. 
An increase in the amount of growth is found 
to parallel enrichment of the medium. This 
is accompanied by a shortening of the lag 
period. 

The effect of nitrogenous materials on the 
rate of growth of M. tuberculosis var. hominis 
H37Rv is presented in Table II. The in- 
cubation time required for the initiation of 
growth in a medium containing ammonium 
citrate was 10 times that required in one 
containing casein, a vegetable e.vtract and 
serum-albumin. The difference in the amounts 
of growth was even more striking, the more 
comple.x medium giving 20 times more 
abundant growth. The rate and amount of 
growth are dependent not only on the num- 


ber and concentration of nutrients but on 
the nature of the nutritive material. Trj-p- 
tophane in a concentration of 0.1% is a bet- 
ter nutrient than 0.2% asparagine for all of 
the strains of m 3 ’cobacteria. 

Having established the normal rate of 
growth of mj'cobacteria, it was now possible 
to evaluate the effect of streptomycin upon 
the growth of mycobacteria in the presence 
of different sources of energy. Regardless 
of the source of nitrogen or of the amount of 
growth supported by the medium, little dif- 
ference was found in the amount of strep- 
tomj’cin required for bacteriostasis, as shown 
in Table HI. The onl}' e.vception is found 
in the ammonium citrate medium; limited 
effectiveness of streptomycin is possibly due 
to the high aciditj' of this medium resulting 
from the growth of the organism.' Similar 
results were obtained with M. avium and 
■the human pathogenic varieties. 

Summary. A simple, safe, and accurate 
method is described for the quantitative es- 
timation of the growth of Mycobacterium 
tuberculosis based upon turbidimetric meas- 
urements in Dubos’ medium. 

This procedure can be applied to measur- 
ing the rate and amount of growth of M. 
tuberculosis in various media, as affected by 
the presence of streptomycin. 

7 AVnksm.'in, S. A., E., iuul Sclintz, A., 

/Vw. of Mai/o Clinic, 3P44, 1!), o37. 
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Preparation of an Anti-Ulcer Factor from Human Urine.* 
-Arne N. Wick, Alice Jean Irish, Frances Pauls, and Eaton M. MacKay. 


From Ihc Scripp.‘: MctahoUc 

The preparation of crude extracts from 
urine (Urogastrone) and hog intestinal 
mucosa (Enterogastrone) which possess anti- 
gastric secretory and antiulcer activity in 
dogs, such as the Mann-Williamson and the 
Pavlov preparation has been reported in the 

■"W;rh7U;„ti,ors”’a^n^aebted to Mr. and Mrs. 
Fr-incis B Bowler and members of tlieir familv 
whose generosity has made these studies possible. 


Clinic, La Jolla, California. 

literature. Two methods have been applied 
to urine for the preparation of Urogastrone 
or Urogastrone-like substances. Necheles^ 
has prepared an inhibitor of gastric secre- 
tion and motility fay treating normal human 
urine with ammonium sulphate and fraction- 
ating the resulting precipitate between vary- 

1 Nechcles, 11., Ilanko, M. E., and PantI, E., 
Pkoc. Soc. Exp. Biol, and Med., 1939, 42, 618. 
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ing concentrations of alcohol. Gray, Wieci'- 
orowski and Ivy- used a benzoic acid adsorp- 
tion method for the preparation of an anti- 
secretory substance from normal male urine, 
and Friedman ct al? have found an inhibitorj' 
substance in normal female urine by using 
the same method of adsorption. -An e.vam- 
ination of the methods elicits little informa- 
tion regarding the chemical properties of the 
e.xtracts except that they are rvater soluble 
and insoluble in organic solvents such as 
ethyl ether, benzene, and petroleum ether.^ 
The further characterization of these extracts 
has been greatly retarded due to the lack 
of a convenient assay method. 

The Alann-Williamson dog which has been 
generally used in testing for antiulcer 
properties of various preparations, entails 
considerable time, expense, and experience 
which greatly limits its usefulness. For an 
excellent discussion regarding the present 
status of these antiulcer ‘•hormones" see the 
reviews of Ivr' and Sandweiss." 

With the recent availability of the rat as- 
say method''® in which e.xtensive gastric ul- 
ceration can be produced in the rat in the 
short period of 7-9 hours following ligation 
of the pylorus, the investigation of antiulcer 
factors has been continued. .\ fraction has 
been prepared from human urine which when 
given to rats in sufficient quantity at the 
time of p\doric ligation prevents the forma- 
tion of the gastric ulcers. The method con- 
sists essentially of adsorbing the activity on 
carbon from clarified urine at neutral pH, 
eluting the activity from the carbon with 
acidified aqueous-acetone at pH 2, and pre- 
cipitating the activity from the eluate by in- 

- Grav, J. S., XVicczorovrski, E.. and Ivy, A. C.. 
Sciciirr. 1939, 80, 4S9. 

u Friedman, M. H. F., Reeknaycl, R. O.. Sand- 
weiss, D. J., and Patterson. T. E., Proc. Soc. Exp. 
Bioi.. AKi> Med., 1939, 41. 309. 

■1 Gray, .1. R., Wievzorowski. E., Wells, J. A., and 
Harris, .R. C.. EiidnchiinJnrjii, 194'1, 30, 129. 

Im-, A. C. Fed. Prnc., 1945, 4, 222. 

'■ Sandweiss, H. .T., Git.ttrncuferoloff;/, 1.94.5, o, 404. 

~ .‘^Iiay, H., Knniarov, R. A., Fels, .S. .R.. Meranze, 
I)., Gruenstein, M., and .Siplet, H., Ca.itrocnler- 
1945, 5, 43. 

s Pauls, F.. Wick, A. N.. and MaeKay, E. AI,, 
Sc'tciiec. 1940, 103, 07.3, 


creasing the acetone concentration. This 
method has been used continuously in this 
laboratory over a period of 6 months with- 
out obtaining an inactive preparation. 

Experimental . The urine used in these 
studies was obtained over 24-hour periods 
from male and female patients who were in 
the clinic mainly for diagnostic purposes. 
Alost of this urine was collected in the early 
morning hours and processed within S hours. 
The urine, which was collected in 2.5 liter 
bottles and preseri’ed with chloroform, was 
decanted from the chloroform before carri'ing 
out the initial clarification with Celite-545. 

The Assay procedure used in these experi- 
ments has been mentioned elsewhere.® The 
method consists of using male rats 8 weeks 
of age or female rats 10 weeks of age weigh- 
ing 120 to 150 g. The animals are fasted 
for 48 hours before operation in individual 
cages with wide wire mesh bottoms, sup- 
ported well above the dropping paper. H'ater 
is allowed ad libitum. For the operative pro- 
cedure the rats are anesthetized with ether. 
Through a short midline incision e.xtending 
downward from the xiphoid process, the du- 
odenum is grasped lightly with ring forceps 
and a ligature of linen thread is placed ex- 
actly at the pyloric sphincter. The incision 
is closed with Michele wound clips and the 
wound is covered with a thin coating of 
fie.xible collodion. .At the time of the op- 
eration the material to be tested for anti- 
ulcer activitr- is administered intravenously^ 
to the lest group and phy-siological saline is 
given to the control group. .A minimum of 
6 to 10 rats should constitute a test group 
and an equal number is used for the con- 
trol group. Eight or 9 hours after tying off 
the pylorus the animals are sacrificed. The 
abdominal cavity is opened, when the ani- 
mal is under ether anesthesia, and the 
esophagus is grasped with a hemostat. The 
stomach is then freed of mesentery and re- 
moved. -A small slit is made on the greater 
curvature of the distended stomach for col- 
lection of the gastric juice. The stomach is 
finally cut along the whole length of the 
greater curvature and after a brief rinsing 
in physiological saline, is stretched out with 
the aid of pins on beesu-ax for examination 
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of the ulceration. 

The steps for the preparation of the anti- 
iilcer substance are described for 100 liters 
of urine. Together with the distribution of 
solids they are outlined in detail in the ac- 
companyJng flow sheet. The routine used 
in this laboratory is to pool all of the urine 
each morning and to clarify it by filtration 
with the aid of 1% Celite. The pH of the 
clarified urine has ranged from 6.0 to 6.5 
and no further adjustment is made before 
the addition of the carbon. The percent 
Norite S.G. has been found to give satis- 
factory results for the adsorption of the ac- 
tivity. After the suspension is stirred for 
20 minutes, the carbon is collected in large 
Buchner funnels. Celite is added to the mix- 
ture before filtering in order to facilitate the 
filtration procedure. The charcoal cakes 
thus obtained each day are stored in 4°C 


cold room until the end of the week at which 
time they are combined for the elution of 
the active substance. The elution is carried 
out in 60% acetone by volume in water at 
pH 2.0. The water content of the carbon 
cake, which is readily determined b}^ weighing, 
is taken into account when adjusting to the 
60% acetone concentration. Additional 
amounts of 60% acetone in water are 
added if necessary to prepare a thin slurry 
for efficient stirring. Although one elution 
is carried out in tliese e.xperiments, a second 
and third elution can be used if so desired. 
The final product, after the neutralization 
and the subsequent filtration, can be ob- 
tained by the lyophile process or by increas- 
ing the acetone concentration as shown in 
the flow sheet. 

Results. The preparation obtained in this 
carbon-acetone method will prevent complete- 
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FLOW SHKLT l^OK THE ISOLATION OF AX AXTl-ULCEK EXTEACT FKOM UEIXE. 

Tol. of cloriiied starting urine = 100 liters. 

Total solids = 1810 g. 

[ Add 2% Xorit S. G., stir 20 min., add 1000 g Celite- 
I 545 and filter, wasli carbon cake with 20 liters HoO 


4 

Spent urine 


4 

Charcoal cake 


Solids bj' diff. = 231 g Total solids nr 1585 g 

I Elute with G09o acetone in water at pH 2.0 (HCl), 

I stir 30 min., and filter, wash carbon cake with 2 liters 
I of acidified 00% acetone (i>H 2.0) 


I 

Spent charcoal cake 


4 

Eluate (60% acetone) , 


Solids = 08.10 g Solids bj diff. = 102.84 g 

Total Vol. = 0 liters (approx.) 

Adjust to 90% acetone and decant after standing 48 
hours 


Insoluble fraction 90% acetone supernatant 


Solids = 00.5 g 


Dissolve in 200 ml HoO (pH 2.0) and filter 


Water soluble fraction 


4 . 

Water insoluble fraction 


Negligible 


I 

; 

Insoluble fraction 


Add acetone to 90%, dec.ant after standing 12-24 hr 


4 

Supcrnat.ant 


Wt = 4.26 g 


Solids = 0.279 g 


I Dissolve in 25 ml HoO, adjust pH to 7.0 with XaOH 
I and filter 


Water soluble fraction Water insoluble fraction 


Wt = 0.395 g 


i 

I -Add acetone to 90% and decant after standing 12-24 hr 


Final precipitate Supernatant 


Wt = 3.52 g 


Wt = 0.142 g 
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Anti-Ulcer Factor from Urine' 


I3’ the formation of gastric ulcers in our rat- 
assay method. The quantity of material re- 
quired to inhibit the ulceration has varied 
in different preparations from 50 to 100 
mg/rat. Fig. I shows the stomachs removed 
from 6 control rats whicli received injec- 
tions of physiological saline, and 6 test ani- 
mals which received 50 mg of the urinary 
product intravenously at the time of pyloric 
ligation. The control group all show marked 
ulceration, while those in the test group re- 
ceiving the antiulcer substance show a marked 
diminution or a complete absence of ulcera- 
tion. Such clear cut results are not always 
obtained, especiallj’ when the minimal ac- 
tive dose of antiulcer material is being in- 
vestigated. For such cases we have been re- 
cording the gastric ulceration by an arbitrary 
scale which ranges from “clear” or “zero” 
to “4 plus” ulceration. 

Discussion. The chemical nature of the 
urinary antiulcer factor described here has 
not been determined, although the carbon- 
acetone method, which we have used for its 
preparation, is similar to that used for the 
isolation of the basic substance streptomy- 
cin.*' A discussion of the chemical relation-' 
ship between Urogastrone, Enterogastrone, 
and the urinarj' “carbon-acetone” material 
and proof that the antiulcer activity of the 
“carbon-acetone” produced e.xtract is due to 
a single chemical entity must wait until fur- 
ther purification can be carried out. 

Our urinar\' line product is appro.ximatel}’ 
S% ash and contains 5-6% nitrogen. The 
neutralized material is insoluble in organic 
solvents which are immiscible with water. 
The product obtained by acidifying a solu- 
tion of the antiulcer factor to pH 2.0 and 
drying by the lyophile process is soluble to 
the extent of approximatel,v 1 g per 100 ml 
methyl alcohol at room temperature. This 
fraction has greater activity than the start- 
ing material or the methyl alcohol insoluble 
fraction. The antiulcer activity of the crude 

sTv.andrr Brook, M. I., Wick, A. X., Do Vries, 
W, II., Hiirris, R., and f'artl.aiid, G. F.. ,7. Bwl. 
CJii'iii,, 194C, 10S, 403. 


line product can be more readily increased 
by fractionating with aqueous-acetone. In a 
5% aqueous solution of starting material, 
the fraction precipitated by increasing the 
acetone concentration from 30 to 60% con- 
tains 30% of the solids and approximately 
60% of the starting activity. 

The antiulcer factor is fairly stable to 
alkaline hydrolysis. When 800 mg is dis- 
solved in 20 ml of 0.1 N XaOH'and refluxed 
for 24 hours, approximately 50% of the ac- 
tivity is retained. In contrast, when an equal 
quantity of the material is dissolved in 20 ml 
of O.I iS' HCl and refluxed for one hour, most 
if not all of the activity is destroyed. Shorter 
periods of acid hydrolysis have not been 
studied although the acid solution darkens 
rapidly after the start of refluxing. 

We are unable at the present time to es- 
timate the concentration of the antiiflcer 
factor normally occurring in the urine. .Assays 
carried out on the clarified and spent urine 
at maximum tolerable levels (200 mg/rat) 
have shown no reduction in gastric ulcera- 
tion. The “90% acetone supernatant” which 
constitutes 85 to 95% of the solids in the 
“EUiate” has slight activity at 100 mg,''rat. 
This fraction has an ash content of 28% 
and since we have observed that it is quite 
toxic at therapeutic doses, we are hesitant in 
attributing much importance to this fraction. 

No attempt can be made at this time to 
speculate on the mechanism of the antiulcer 
effect e.verted by the material prepared from 
urine. Ulceration may be reduced in extent 
or entirely prevented by a reduction in the 
secretion of gastric juice, impaired peptic 
activity of this juice or an enhancement of 
the resistance to ulceration which is inherent 
in the gastric mucosa. 

Summary. A neutral extract has been pre- 
pared from normal human urine by adsorp- 
tion on charcoal and elution thereof with 
60% acetone in water at pH 2. This ma- 
terial, when given to rats at the time of 
pyloric ligation, prevents the development of 
the gastric ulceration which normally occurs 
with this procedure. 
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Antagonism of the Hemorrhagic Syndrome Induced by Derivatives of 
3-Hydroxy-l, 4-Naphthoquinone.’‘ 

Carl C. Smith. (Introduced by L. H. Schmidt.) 

From Ihr Itislilutc nf .Modirdl Fr.-ifnrdi, The Chrixt noxpitul, CiiiciiiiidH, Oh'w. 


It has been reported recently' that certain 
2-substituted-3-hydroxy- 1 ,4-naphthoquinones, 
when administered to the white rat, induce a 
hemorrhagic syndrome which is associated 
with a hypoprothrombinemia. Preliminary 
studies showed that the hemorrhagic activi- 
ties of at least one of these naphthoquinones, 
2- (3-cyclohexylpropyl) -3-hydroxy - 1,4-naph- 
thoquinone (SN 50901), could be antagon- 
ized completely by simultaneous administra- 
tion of vitamin Ki. Similar administration 
of 2-methyl-l, 4-naphthoquinone had less 
marked effect. Subsequent to this work ex- 
periments were carried out on 2 other 2-sub- 
stituted-3-hydro.\3' derivatives. When it was 
found that these compounds, like the naph- 
thoquinones described previously,' also in- 
duced a hemorrhagic syndrome and hypo- 
prothrombinemia it was decided to expand 
the previous observations on the antagonistic 
action of vitamin Ki and 2-methyl-l, 4- 
naphthoquinone. The present report deals 
primarily with this phase of the study. 

Experimental. The compounds studied in- 
cluded 2-cyclohex\’l-3-hydroxy-l ,4-naphtho- 
quinane (SN 5094), 2-(2-meth3'loctyl)-3-hy- 
droxT’- 1,4-naphthoquinone (SN 5949), and 
2- [3 - (/'-phenoxyphenj'l)propyll-3-hydroxj-- 
1, 4-naphthoquinone (SN 13,9361). All 3 of 
these naphthoquinones induced a hemor- 
rhagic sj'ndrome characterized b\^ gross ex- 

“ The work deserihed in this piipor was done 
under a roulract rceomnicnded iw the Committee 
on Medical Research hetween the OlVice of Scientific 
Research and Development and the Institute of 
Medical Research, The Christ Hospital, Cincinnati, 
Ohio. 

1 Smith, Carl C., Fradkin, R., and Lacker-, M. D., 
pROC. Soc. Exr. Bion. .vxd Med., 194G, 01, 39S, 

1 The number.s cited here are those assigned to 
the compounds liy the Survey of Antimalarial 
Drugs, Baltimore, Md, 

t The drugs were prepared by Dr. Louis P. 
Picser, Harvard Hniversity, and the .Abbott Lab- 
oratories, to whom we are greath- indebted. 


travasations of blood into the subcutaneous 
tissues of the limbs, head, neck and scrotum, 
and diffuse bleeding of the gastrointestinal 
mucosa; associated with this syndrome were 
greath' prolonged clotting and prothrombin 
times. SN 5094 was the least toxic of the 
compounds; daih' doses of 400 mg per kg 
uniformh’ produced fatal lesions but doses of 
200 mg had little effect. SN 5949 was some- 
what more toxic; it usually produced fatal 
lesions at 200 mg per kg but had little effect 
at lower doses. SN 13,936 was the most 
to.xic of the compounds; it uniformh' was 
fatal at 200 mg per kg doses and produced 
severe hemorrhages at doses of 100 mg. 

The technics employed in studying the 
antagonistic effects of vitamin Kj and 
2-methyl- 1,4-naphthoquinone were similar to 
those used in the previous study.' Male 
rats, 4 to 5 weeks old, Sprague-Dawley strain, 
were used throughout and were fed a diet 
of Purina Dog Chow checkers ad libitum. 

The drugs and vitamin adjuncts were sus- 
pended or dissolved in olive oil and were 
administered once daily via stomach tube. 
Treatments were continued for 8 to 12 da\'s 
where the rats survived that long. When- 
ever it was possible to obtain blood samples, 
prothrombin times were measured. Deter- 
minations were carried out on whole blood 
using the method of Kato- with Russell viper 
venom as the source of thromboplastin. The 
results of the pertinent experiments have 
been summarized in Table I. 

In the experiments with SN 5094, daily 
doses of vitamin Kj of 10 mg per kg com- 
pletely prevented the development of the 
hemorrhagic syndrome. Similar doses of 
2-methjd-l, 4-naphthoquinone were somewhat 
less effective. Hemorrhagic lesions appeared 
on the 4th day of the experiment but ap- 
peared to regress with continued treatment. 
At the end of the experiment normal pro- 

2K:ito, K., Am. J. Clin. Path., 1940, 10, 147. 
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Antagonism Vitamin K uy 3-HyDROXY-l,4-NApnTHOQuiNONES 


Tilt' Kfl’c'ctivuiicss of 


TABLE I. 

2-.Mctliyl-l,4 XapIitlioqiiinoiie and Vitamin Kj on file llemorriiaKic Activities of 
SN oOn-I, SN 0949, and SN 13,95G. 


Effects of treatment 


liat No. 


Daih- treatment, 
mg/kj; l)ody wt 


400 mg SX .">004 


Days rrnthronibin 
treatment time, sec 


Died 4th day; typical hemorrhagic lesions. 


dth 

Oth 

8th 


G 

400 mg SX o004 and 

G 

— 

” Gth ” ” 

} 1 

7 

10 mg L’-meth3d-l,4- 

11 

30 

llcmoirliagic lesions on 

limbs. 

8 

jniplitliotpiinonc 

11 

23 

’1 I! II 

• 1 

9 


11 

17 

llegrcssing hemorrhagic 

lesion 

10 

400 mg .SX .'1094 + 

11 

20 

Xo lieniorrliagic lesions. 


11 

10 mg vit. Kj 

11 

IS 

11 ft f f 


1-2 


11 

17 

11 11 11 


13 


11 

14 

11 11 11 



14 

200 mg SX 594!l 

O 

— 

15 

5 

25* 

IG 


s 

190 

17 


s 

50 

IS 

200 mg SX 5949 ami 

4 

— 

19 

10 mg 2-methyM,4- 

S 

35 

20 

liapbtlioqulnonc 

s 

30 

21 

s 

25 

II n 

200 mg SX 5949 and 

s 

15 

23 

10 mg vit. Kj 

s 

12 

24 

s 

11 

25 


8 

10 

2fi 

200 mg SX 13,930 

3 

— 

27 

4 

— 

28 


5 

>600 

29 


G 

— 

30 


8 

>000 

31 

200 mg SX 13,930 .and 

3 

— 

32 

10 mg 2-metliyl-l,4- 

G 

— 

33 

naiditlioquiiioiie 

9 

— 

34 


10 


35 

200 mg SX 13,930 and 

11 

30 

3C 

10 mg vit. Kj 

11 

40 

37 

11 

GO 

38 


11 

140 

30 

200 mg SX 13,93G and 
100 mg vit. Ki 

12 

12 

40 

12 

14 

41 

12 

15 

42 


12 

18 

* Prothrombin time obtained on 

7 til day. 

Animal toe 


Died .'!d day; no Iieinorrliagic lesions. 
Hemorrhagic lesions on limbs and head. 

” ” ” ” ” scrotum. 

Xo hemorrhagic lesions. 

Died 4th day; no hemorrhagic lesions. 
Ilegrcssing hemorrhagic lesions on limbs. 

Xo hemorrhagic lesions. 

jr a tf 

ti j t 

f f ft t > 

> f ft f f 

> t 11 11 

Die<l 3r(l (lay; gnstrointcstinal hemorrhages. 


1 1 

4tb 

11 

typical hemorrhagic lesions. 

1 1 

5tlt 

1 1 

11 11 11 

1 1 

Gth 

7 1 

11 11 11 

1 1 

Sth 

11 

11 11 11 

11 

3rd 

1 1 

gastrointestinal hemorrhages. 

1 1 

Gtli 

1 1 

typical hemorrhagic lesions. 

1 1 

9tli 

1 1 

'll 11 11 

1 1 

10th 

1 1 

11 11 11 


Xo hemorrhagic lesions. 


11 11 11 

11 1 ) 11 

11 11 11 

11 11 11 

11 11 11 

It 11 11 

11 11 11 


ill for treatment after 5th day. 


thrombin times were obtained. 

The findings with SN 5949 were similar 
to those just described. Vitamin Ki in 10 mg 
per kg doses prevented the development of 
hemorrhagic lesions and hypoprothrombinemia 


whereas only a partial effect was obtained 
with this dosage of 2-methy]-l,4-naphtho- 
qulnone. 

In the e.vperiments with SN 13,936, 10 mg 
doses of 2-meth3d-l,4-naphthoquinone were 
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without apparent effect on the syndrome. 
Even vitamin Ki at 10 mg per kg doses did 
not completely block the action of SN 13,936 
for, although hemorrhagic lesions were ab- 
sent, a significant hypoprothrombinemia was 
present. At 100 mg per kg doses, however, 
vitamin E-i blocked development of both the 
hemorrhagic lesions and the hiTpoprothrom- 
binemia. 

Discussion. The data presented above 
demonstrate that, as in the case of SN 
5090,1 vitamin Ki and to a lesser e.Ytent 
2-methyl- 1,4-naphthoquinone antagonize the 
hemorrhagic s 3 Tidrome and hypoprothrom- 
binemia induced by SN 5094, SN 5949 and 
SN 13,936. This finding would seem to 
strengthen the suggestion that the 2-substi- 
tuted-3-hj'droxy-naphthoquinones e.xert their 
hemorrhagic activity' bj^ competing with the 
K vitamins in whatever processes these sub- 
stances serve in prothrombin formation. 

This suggestion appears to offer the only 
tenable e.xplanation for the hemorrhagic ac- 
tivity of the above naphthoquinones. The 
compounds do not produce severe liver in- 
jury, nor are they especialh' active antibac- 
terial agents which might interfere ivith the 
sjmthesb of K. vitamins bj’’ intestinal bac- 
teria. Furthermore, extensive in vitro e.xperi- 
ments indicate that thej' do not inactivate 


prothrombin as do the indandiones.^ It ap- 
pears, therefore, as if the relationship of the 
2-substituted-3-hydrox}'-l, 4-naphthoquinones 
to vitamin K affords another example of an- 
tagonism of metabolites b\’ structurally re- 
lated compounds. 

Summary. The development of the h}'po- 
prothrombinemia and hemorrhagic lesions, 
which occurred in the albino rat as the result 
of ingestion of various 2-substituted-3-hj'- 
dro.v\'-l ,4-naphthoquinones, could be pre- 
vented either partially or completelj' b\- si- 
multaneous administration of 2-meth3'l-l,4- 
naphthoquinone or vitamin Kj. The amounts 
of these K vitamins required to block de- 
velopment of the above s 3 mdrome differed 
with the various h 3 'drox 3 '-naphthoquinone 
derivatives. In each instance, however, vita- 
min Ki proved more effective than 2 -meth 3 d- 

I , 4-naphthoquinone. 

Observations made in this report confirm 
our earlier suggestion that the hemorrhagic 
S3mdrome, which results from administration 
of 2 - substituted - 3 -h 3 ’drox 3 ’-l, 4-naphtho- 
quinones, is due to competition between these 
substances and the K vitamins in processes 
involved in prothrombin formation. 

3 Knbat, H.. Stolilnian, E. F,, and Smith. M. I., 

J. Phiirm. (i)if? Exp. Therap., ]944, 80, 100. 
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Action of 3,3' Methylenebis (4-Hydroxycournarin) (Dicumarol) on 
Thromboplastic Activitj' of Rabbit Brain.’' 


]M, STEF.ANiNit AND M. C. Blanchaer.J (Introduced by Armand J. Quick.) 

From the Department of Biochemistry, School of Medicine, ilarquettc University, Miluau7:cc, 

TFisconsin. 


Several observations suggest that other 
factors besides the interference with the 
formation of prothrombin^ must be consid- 

* Tills research was supported bv a grant from 
the lUnited States Public Health Service. 

t Assistant, Medical Clinic of the Hniversitv of 
Pome; at present, Research Fellow, Institute of 
International Education. 

i Re'icarch Fellow, Department of BioehemUtry, 


ered in the pathogenesis of the bleeding 
■tendencxr produced b 3 ’’ dicumarol. Wide- 
spread dilatation of capillaries, arterioles and 
venules has been found, indicating that the 
hemorrhagic condition is due, at least in part, 

School of Medicine, Marquette Fniversity, Mil- 
wankee, tVisc. 

I Quick, A. J., The Semorrhopic Diseases, pp. 
284-285, C. C. Thomas, Springfield, El., 1942. 
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DICUMAROL ox 1 HROMHOPLASTIC ACTIVITY OF BltAIN 



to vascular damage.- JMoreover, other factors 
of 'the normal mechanism of coagulation 
have been found to be affected by dicumarol. 
Adhesiveness of the platelets is decreased^''* 
and the minimum requirement of calcium for 
optimum prothrombin time is increased^’’' 
during the administration of the drug. 

Evidence has been obtained which indi- 
cates that dicumarol causes changes in the 
thromboplastic activity of tissues. Dycker- 
hoff’ claims that dicumarol inhibits the first 
phase of coagulation by depressing the ac- 
tivity of thrombokinase. Recently Bose® has 
shown that thromboplastin prepared from 
desiccated brain of rabbits which have been 
fed 10 mg of dicumarol for 3 daj's is less 
active than that prepared from normal brains 
when tested on normal rabbit plasma using 
the prothrombin time technic. 

In the present report, thromboplastic ac- 
tivit}’ of rabbit brain obtained from animals 
severely poisoned by dicumarol has been 
studied by the prothrombin time method of 
5 Quick, but using a standard series of dilu- 

= tions of CaClo. Plasma from men and from 

^ normal and dicumarol-treated dogs and rab- 

bits was employed. 

ExpcrimcDtal. Ten full grown male rab- 
bits in good state of nutrition were given 
dicumarol f3,3'-meth3'lenbis(4-hydro.\ycou-‘ 
rnarin)! until the prothrombin level was so 
depressed that they either died from hemor- 
rhage or their prothrombin time and coag- 
ulation time were so delayed that neither 
one could any longer be determined satis- 
factorily. The drug was administered in 
doses of 5 mg per kg of body weight per da)'. 
In some animals the drug was administered 
orally as a gum acacia suspension by stom- 

e J{iiij;Ii;im, .T. It., Jleyer, O. 0., .ind Polilc, F. J., 
./m. .f. iled. Sc.. 1941, 203, 5C3. 

•■•’.Spooner, Jf., iind Jfeyer, O. O., Am. J. Physiol., 
1944, 142, 299. 

1 Wi iglit, 11. p., J- -P"!*- Sad., 1945, o7, 3S2. 
■-■.Toques, L. B., iind Dunlop, A. P., Am. J. 
Physiol., 194.5, 143, 355. 

fi Quick, A. .1., Am. ,1. Phy.Aol., 1947, 148, 211. 

7 Dyekerhoff, H., Pioch. Z., 1944, 310, 397, 
{Chem. Abstracts, 1945, p. 551). 

sBose, A. X., Ann. Piochem. Exp. Heel., 1945, 

5 , 105 . 
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Grisein, New Antibiotic of Strcptomyccs gn'sais 


ach tube; in others intravenously as the 
sodium salt and in a third group both the 
oral and the intravenous routes were used. 
Thromboplastin was prepared by the acetone 
dehydration procedure of Quick.” One-tenth 
of 0.1 hi. sodium oxalate per rabbit brain 
was added before triturating with acetone. 
By this means any calcium in the brain tis- 
sue was removed, since no detectable amount 
of this element was found by ordinarily 
chemical methods in 0.2 g of the dried rab- 
bit brain powder. The prothrombin time 
of o.xalated human, dog and rabbit plasma 
was determined by the procedure of Quick. 
A standard series of dilutions of CaCls solu- 
tions was used since the lower concentrations 
have been shown to be more sensitive to 
minimum changes of the prothrombin time. 

Results and Discussion. It is ei’ident from 
the results in Table I that the thromboplastin 
prepared from the brains of rabbits poisoned 
with dicuniarol was less active than that ob- 
tained from normal animals. With dogs’ 
and rabbits’ plasmas this difference is ob- 
tained with the various dilutions of calcium 
used but becomes more accentuated in the 
lower concentrations. IVith human plasma 
tliis difference is obtained only in the lower 
concentrations. 

In comparing the thromboplastin from 
dicumarolized rabbits with that of normal 

0 Quick, A. J., Scirnce, 1P40, 02, 113. 


animals on rabbit and dog plasmas in which 
the prothrombin was depressed bj"^ dicumarol, 
the difference in activity was found to have 
a ivider spread (Table 11) but followed es- 
sentially the pattern of normal o.xalated plas- 
ma in regard to the influence of calcium. 
Occasionallj’’ when the prothrombin is pre- 
sumably normal as measured with fully ac- 
tive thromboplastin, a distinct delay is 
brought out by dicumarol thromboplastin as 
shown in the case of dog No. 2 on the 9th 
day after a single dose of dicumarol intra- 
venously. 

It is somewhat surprising that dicumarol 
should decrease the actim'tj’^ of the thrombo- 
plastin in brain tissue and this naturally 
leads to the question whether the thrombo- 
plastin occurring in blood is similarly af- 
fected. If this be the case, then the dela)md 
coagulability due to dicumarol would have 
a 3-fold cause: decrease of prothrombin level, 
inadequate calcium for optimum prothrom- 
bin activity and le.ss active thromboplastin. 

What importance the latter factor has is 
difficult to evaluate especially since the 
diminution in thromboplastic activit}'' is not 
particularly marked. In view of the fact 
■that the nature of thromboplastin is poorly 
understood ami the action of dicumarol is 
not completely known, it would be futile to 
attempt to offer any possible e.vplanation for 
the results presented in this paper. 
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Grisein, a New Antibiotic Produced by a Strain of Streptotnyces gnseus.*'\ 


Donald !M. Reynolds. .Albert Schatz, and Selman .A. Waksman. 

From ihc Deportment of iCicrohiology^ yew Jersey Agrlctiltura} Freperunent Station, Itutyrrs 

Dniversity. 


Strcptomyccs grisetis represents a large and 
heterogeneous group of actinomycetes, widely 
distributed in nature. Cultures belonging to 

♦ .Tonrn.al Series P.npcr, Xew Jersey Agricultural 
Bsperiment Station, Rutgers TTnirersity. Dep.irt- 
ment of Microbiology. 

f Partly supported by a grant made by the 
Commonwealth Pund of New York. 


this species or species-group have been iso- 
lated from a great variety of substrates, 
largely soils, peats, composts and animal con- 
tents. Since the first report^ on the produc- 
tion of streptomycin by 2 cultures of 5. 
grisetis obtained from 2 different substrates, 

TschatzT^^Bugie, E., and Waksman, S. A., 
Pnoc. Soc. Exp. Biol, .a^xd Med., 1944, 55, OG. 
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TABLE I. 


SiU'ctuim of Cultui'i's of S. eiriKCUs Grown in 
Xiifrieiit !Iih 1 Corn Steep Brotiis. 

Dilution units per 1 milliliter. 



Xutrient 

broth 

Corn steep 
broth 

jE.'tchrrivhui roU 

2.30 

oO 

A<'rohoc(t r acrot/eiics 

0 

0 

Hif/rrrNCMi.s 

iirin 

50 

P.-tciiflomoudis {irruginosn 

o 

0 

■’ /iMirf.SCEHS 

0 

0 

PnXruii vidnnris 

0 

0 

.lfi/ert6ne(f n'lim p/ifci 

0 

0 

PaciVus Buhtilifi 

200 

30 

*•* mycnidcfi 

0 

0 

■’ mcoatiicrinm 

100 

100 

Staidiylncnccu.-! niirrii.v 

200 

200 

fuicn 

0 

0 


nearly 100 cultures of this organism or close- 
ly related forms have been isolated.- How- 
ever, ver\- few of these were found to be 
capable of producing streptomycin. Actual- 
ly, one other culture among the many iso- 
lated in our laboratory had the capacity of 
forming authentic streptomycin." Two other 
streptomycin-producing strains were reported 
from another laboratory 

IflorphologicaUy, S. griscus is characterized 
by the formation of clusters or tufts of spor- 
uiating hjphae in the aerial mycelium. The 
most characteristic cultural property is the 
production on suitable media of an abundant, 
powderj', greyish-green aerial mycelium. No 
distinct chromogenic (dark brown to black) 
pigment is produced on organic media; occa- 
sionally a greenish to light brownish pigment 
is observed just below the vegetative growth. 
The tropical cultures may give rise to variants 
which differ from the original organism both 
in their morphology and in their physiologr'. 
Two variants have already been isolated, 
one of which is devoid of aerial mycelium® 
and the other shoeing certain other cultural 
characteristics which are distinct from those 
of the mother culture; both variants are 
unable to produce streptomycin. The ability 
of other variants to produce streptomycin 

2 tyaksmaii. S. A., Sch.atz, A., and Reynolds, 
D. M., Ann. X. T. Acad. Sci., 1946, 48, 73. 

3 Vi'aksmaii. S. A., BeiDy, II. C, and Jolmstone, 
D. B.. J. Had., 1946, 32, 393. 

4 Carvajal, F,, Mycotopia, 1946, 38, 596. 

3 Waksman, S. A., Beilly, H. C., and Scliatz, A., 
Free. Xai. Acad. Sci., 1943, 31, 137. 


may be greatly reduced. 

For the isolation of 5. grlsais from natural 
substrates, media enriched with streptomj-cin 
have been utilized.’’’ Such media prevent the 
development of most of the bacteria and the 
great majoritj- of actinomycetes. Among a 
large number of cultures isolated by this 
method, one was found to form an antibiotic 
which at first appeared to be streptomycin- 
like in nature. This culture (G-25) was 
isolated from a sample of Huleh peat, ob- 
tained from Palestine. The antibiotic was 
produced on a variety of media, of which 
peptone-meat e.\tract and starch-tiyptone 
had the highest activity. Culture filtrates 
of the organism were- found to inhibit the 
growth of various Gram-negative bacteria, 
notably Escherichia colt, as well as certain 
Gram-positive bacteria, such as Bacillus 
sitbiilh and Staphylococcus aureus. 

In spite of certain apparent similarities of 
this antibiotic to streptomycin and to strep- 
tothricin, 4 important differences were noted, 
suggesting that one is dealing here with a 
type of substance distinct from the others; 
I. The bacteriostatic spectrum of the new 
agent was much narrower than that of either 
streptomycin or streptothricin. A tjpical 
culture filtrate of G-25 had a titer of 300 
E. colt and 300 B. sublilis dilution units, but, 

TABLE II. 

B.ieteriostatie Spectr.a of Griscin and StreptomTcin. 

Enits per gram of crude preparations. ’ 


Griseiu StreptomTcin 
X 1,000 X l.OOO 


Pse//cnr/tw cofi W* 

25 

25 

t^errafia jnarccscciu'i 

10 

23 

Protnt:< vulfjoris 

<.l 

10 

Pseudomonas fluorcsccns 

3 

n 

Ps, aeruphwsft 

<-1 

1 

jerobaefer aeropcucs 

<.l 

10 

Sohnontllo schotttnuUcri 

10 

15 

acrtn/1:c 

<.l 

3 

Ehcrthflia Ipphi 

<.l 

25 

ShipeVa sp. 

30 

25 

Klebsiella imeumoniac 

5 

25 

^Tpcohactcrium pldci 

<.l 

100 

Paeilhis subiiUs 

10 to 30 

125 

” mepathcrinm 

10 to 20 

100 

” mpeoidcs 

<■1 

20 

^•rro»v<^ 

<A 

30 

Staphiflococcus aureus 

30 to 100 

15 

S. luiea 

O.o 

100 

^Ificrococciis h/so(leiJ:ticus 

200 to 300 

150 


* Considerable variation in sensitivity of different 
strains lias been observed. 
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Grisein, New Antibiotic of Streptomyccs grisais 


unlike streptomycin, had no activity against 
either B. viycoidcs or Acrobactcr acrogcncs. 
Likeu-ise, it had no activity against fungi, a 
characteristic which distinguishes it from 
streptothricin. 2. The chemical nature of 
the antibiotic produced by G-25 is different 
from that of the other 2 antibiotics, since, 
while readily adsorbed on charcoal, it could 
not be removed with acid alcohol. 3. Glucose 
did not bring about the inactivation of this 
antibiotic, though it usually inactivates both 
streptothricin and streptomycin. 4. Strep- 
tomycin-resistant strains of E. colt remained 
sensitive to this antibiotic. 

Culture G-25 was grown both in stationary 
and in submerged cultures. The submerged 
culture underwent rapid, even if incomplete, 
lysis in 3 to 5 days. Media containing meat 
extract or corn steep, but free from glucose, 
gave the best activity. The bacteriostatic 
spectrum of a tj^iical culture filtrate of this 
organism is brought out in Table I. The 
agar streak method" was used. The results 
point to a very narrow antibiotic spectrum, 
which is not limited either to the Gram- 
positive or to the Gram-negative bacteria 
(Table II). 

When the culture filtrate was treated with 
activated charcoal (5 g per liter), all the 
antibiotic was removed. On treatment of 
the charcoal with 9% ethanol, about half 
of the total activity was recovered. The 
alcohol eluate was concentrated to a syrup 
ill vacuo, and absolute methanol was added 
until a precipitate began to form. The final 
preparation was precipitated with acetone, 
washed with ether, and desiccated. A yield 
of 400-600 mg n-as obtained per liter of 
culture. This preparation showed an activitj' 
of about 15,000-30,000 E. colt dilution units 
per gram. More active preparations have 
often been obtained, ranging up to 100,000 
E. coli units per gram. Unfortunately, only 
a small part, usually about 20%, of the 
total active substance present in the culture 
was thus recovered. The antibiotic spectrum 
of the isolated fraction was, however, exactlv 
the same as that of the crude culture filtrate, 
thus pointing to the identity of the substance 

« W.-iksman, S. A., .and Reill.v. H. C., Aiwl. Ed., 
hid. Eng. Chcm., 1945, IT, 556. 


in the medium and of the isolated preparation. 

It is proposed to designate this antibiotic 
substance as grisciii. It is insoluble in ether, 
chloroform, absolute acetone, absolute eth- 
anol, or benzene. It is slightly soluble in 
ordinary acetone and in 95% ethanol. It 
is readiV soluble in water. It is heat-stable, 
since heating for 10 minutes at 100° C does 
not reduce greatly its activity. It is not 
affected if kept for short periods at pH levels 
ranging from 4.0 to 10.5. 

The antibiotic activity of grisein can be 
measured b.v the dilution agar-streak and 
cup assay methods. With the cup method, 
B. sublilis, S. aureus and E. coli can be used 
as test organisms; the zone of inhibition, 
for the first organism, is usually narrower than 
that for comparable concentrations of either 
streptomycin or streptothricin, but it is wider 
and more distinct for the second and third or- 
ganisms. The broth di.ution method cannot be 
used very effeclivelj’ for the study of grisein, 
since there are always a few cells in the 
culture of the test bacterium that are orig- 
inally resistant or become readily resistant 
to this antibiotic; these cells begin to mul- 
tiply rapidly, making impossible accurate 
readings by the dilution method. The rapid 
development of resistant strains from orig- 
inally sensitive cultures makes studies of the 
bactericidal action of grisein upon bacteria 
in broth cultures rather difficult. 

The presence of glucose or glycerol in the 
culture medium for the production of 
grisein results in very low yields of this anti- 
biotic due to a lowering of the pH. How- 
ever, as soon as the pH begins to rise, the 
antibiotic is formed, as shown in Fig. 1. 
Lactose, however, has no such effect. 

Samples of crude grisein preparations were 
tested in mice infected with Salmonella 
sclioltmiillcri and S. aureus. A single dose of 
800 units (dilution units against E. coli) per 
mouse, administered subcutaneously immedi- 
ately after infection, protected 100% of the 
animals infected with the first, and 1.600 
units/mouse gave complete protection against 
the second. The antibiotic showed only lit- 
tle to.xicity to e.vperimental animals and was 
excreted readily and in an active state in 
the urine. Because of its low toxicity, its 
activity in vivo and also its activity upon 
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Fig. 1. 

Ea«al Metaljolism Mncliinf. Longitudinal section. Aliout srale. Hfating element, 
tliermoregulator. and water stirrer not shown. Inset: writing arm. side view as inserted into 
writing lever, end view of writing arm and collar without the pin which inserts into writing lever. 


tion of water. The thermometert and a stop- 
cock. to allow free movement of air into the 
system whenever the apparatus is opened, are 
fitted into the lid. The chamber is rendered 
airtight by a water-filled moat into which 
the overhanging rim of the lid dips. 

The rat is placed into a wire mesh cage, 
somewhat smaller than the space available, 
and this is introduced in turn into the ani- 
mal chamber, where it is flanked fore and 
aft by soda lime boxes made of copper win- 
dow screening. The inner cage rests on a 
false-bottom floor, formed by a third soda 
lime container, which is itself elevated about 
an inch above the true floor of the animal 
chamber in order to provide space for a pool 
of water below the CO 2 absorbent. 

Koehler- points out the advisability of 
maintaining a relatively high humidity with- 
in the chamber, partl\' to keep the soda 
lime at maximum absorptive efficiency and 
partly to induce the animal to relax. He 


- The thcraicmctcr manufuctured hr tlie Warren 
E. Collin? Co.. Bo>-ton. for use in the Benedict Both 
ilctabolism Machine has a Ijrass jacket which can 
be screwed and cemented in place. 

2 Koehh-r, E.. .7. JJiol. C/icm., IhSg. 05, C7. 


considers, however, that a humidity above 
15% causes restlessness. The present au- 
thor. on the other hand, observed that the 
soporific influence varies directly with the 
vapor tension and that the 99%: humiditj' 
provided at 28'C by a pool of water is most 
effective, at least in the rat. Under that 
regime, the animal almost immediately com- 
poses itself for sleep, sometimes on the first 
trial, usually after 3 or 4. 

The spirometer bell is made of thin-walled 
brush copper, which is far less vulnerable 
than aluminum to attack by soda lime. It 
is a Krogh U-pe spirometer, pivoting on jewel 
bearings and thus providing freedom of 
movement without the lateral shifting en- 
countered in the ordinary cylindrical spi- 
rometer. The bell is counterweighted in such 
manner that, with the system open to the 
outside, it descends slowh" and without ac- 
celeration. Its dimensions are 5" x IVz" x 
giving a volume of about 300 cc, 
which is well above the requirement of even 
a hrperthyroid rat. Customarily, however, 
the spirometer is refilled during the rest 
period about 10 minutes before the test run: 
this is done from an ordinaiy- vitalometer in 
order to avoid disturbance of the rat by the 
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streptomycin-resistant strains point to the 
possibility of utilizing grisein for the control 
of infections caused by bacteria resistant to 
other antibiotics. However, its narrow anti- 
biotic spectrum would limit its practical ap- 
plication. 

Summary. Strcptomyccs grisciis is widely 
distributed in soils, peats and in composts. 
Only very few strains of this organism are 
capable of producing streptomycin, itfost 
of the strains produce no antibiotic at all, 
whereas certain strains produce antibiotics 
that are distinctly different from streptomy- 
cin. One such new antibiotic was isolated 
and designated as grisein. 

Grisein is active against certain Gram-posi- 
tive and Gram-negative bacteria. Its anti- 
bacterial spectrum is much more limited than 


that of either streptomycin or streptothricin. 
Cultures of bacteria that are made resistant, 
b}' serial passage, to streptom.vcin still re- 
main sensitive to grisein. Cultures of bac- 
teria originally sensitive to grisein give rise 
easily to strains resistant to this antibiotic. 

Grisein shows a rather low to.xicity to e.\'- 
perimental animals and is rapidly e.xcreted 
in the urine. It was found capable of pro- 
tecting e.xperimental animals against infec- 
tions with S. schottmiiUcri and S. aureus.* 


} Till' nutlinrs lire inilolifed to Jtr. Otto Graessle, 
of flic Merck Institute, for tcstiiif; tlie niiimnl 
to-xicily of {rrisein. ;!ii<I to Dr. 11. Boj'd IVoodriiff, 
of the Merck Liitiorntorie.s, for clieckliif; the sensi- 
tivity of .stiT'ptoinycin-resist.Tnt str;iin.s of (liffcrcnt 
li.'ictena. 
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Determination of Oxygen Consumption in the Albino Rat." 

Lours E. IMoses. (Introduced by F. E. Emery.) 

/•'mm the DiparlliKut of jF7(i/.<io/of/i/ and Pharmncnlogn. Vnivrr.tity of ArVansns .Srhool of 

/\/fdicinc. Little Lnel'. 


Technical aspects of the measurement of 
gaseous metabolism in the albino rat tvould 
appear, from a cursory sur\’ey of the litera- 
ture, to be almost a closed chapter in biologic 
technology. Yet the determinations, as e.x- 
ecuted, have proved inaccurate, inconsistent, 
and time-consuming. The method to be de- 
scribed below appears to offer several dis- 
tinct advances over those currently in use. 

The machine devised for these studies is 
of the closed-circuit tvpe, measuring onlj' 
oxygen consumption. Its major structural 
features are illustrated in Fig. I. 

Animal chamber, spirometer bo.x, and water 
bath are all constructed of heavy sheet brass, 
which is adequate for the rapid equalization 
of temperature throughout the system. The 
temperature is maintained within narrow 
limits by means of a tubular model heating 

XoTiil, Reseiri-eli .Series, tlie University 
of Arkansas. 


element controlled through a suitable relay 
by a thermoregulator immersed in the water 
bath. The ivater is kept circulating by a 
noiseless electric stirrer. Sensitivity of the 
thermoregulator is assaj'ed by a blank test, 
measuring the variations in volume of the in- 
closed ox\’gen that are induced b}" the au- 
tomatic activation and deactivation of the 
heating element; such variations have not ex- 
ceeded 0.5 cc. The temperature within the 
animal chamber is maintained at 28 °C, stat- 
ed by Benedict and MacLeod^ to be the tem- 
perature of thermic neutrality for the albino 
rat. 

Dimensions of the animal chamber are 
9" X 6" ,x Syi"- Its lid is provided with a 
large window, composed of 2 panes of glass 
separated by an air space to limit condensa- 

1 Benedict, F. G., .nnd MncLcod, G., J. Nnlritinn, 
1929, 1, 367. 
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in convenient form by transfer onto a plate 
of n-indon- glass of the record made by with- 
drawal of successive 5 cc volumes of air from 
the chamber into an accurate burette. The 
rulings are scratched on this glass plate with 
a diamond point and are then filled vdth 
colored was; the transparent rule thus pro- 
duced can be placed on each tracing and 
used to read off the oxj'gen consumption 
values accurately and quickly. Simultaneous 
ordinates for the signal magnet time record 
are transcribed onto the oxygen line of each 
tracing by manual operation of the drum 
and writing lever, after the test run. 

In practice, then, the fasted rat is placed 
into the small n-ire mesh cage referred to 
above, and this is inserted into the animal 
chamber of the basal metabolism machine. 
O.xygen is admitted and allowed to flow out 
of the open stopcock and to bubble out of 
the spirometer until all air in the system is 
replaced by o.vt’gen. Then the chamber is 
closed and at least 30 minutes are allowed 
for the animal to fall asleep and for the 
system to reach equilibrium. 30-minute 
tracing is made and the best 5-minute period 
noted, along with an estimate of activity as 
determined from the smoothness of the trac- 
ing. 

BTien the oxygen line indicates by an ab- 
sence of any waves that the rat has been 
sleeping soundly throughout the recording 
period, all of the 5-minute readings gi\’e prac- 
tically identical rates of oxygen consumption. 
Any movement which does occur elevates the 
succeeding readings in direct proportion to 
the intensity and duration of the activity: 


even a mere shift in position by a visibly 
sleeping animal increases the oxj’gen con- 
sumption for at least the next 5-minute 
period. 

The graph of Fig. 2 shows the distribution 
of values, expressed as cc,dcg/hr, according 
to age. in 172 determinations on 42 adult 
male rats. Only those obsen’ations made on 
sleeping animals are included, and all rats 
were housed in a constant temperature room 
at 26°C, Averages for the individual age 
groups show, Avith other obser\-ers, a pro- 
gressive decline with age, reaching what ap- 
pears to be a plateau at about 6 months. 
The^ mean oxygen consumption of the 133 
determinations made in the 6-9-month age 
range is 692 cc/kg/hr ±3.0 (P. E.), which 
may be taken as the basal metabolic rate ob- 
tained in “metabolic maturity.” This figure 
is equivalent to 635 Cal/mv'24 hr, using the 
formula, S. A. = 9.1 X W2/3, for calcula- 
tion of surface area. 

Summary. 1. .A method is described for 
determination of o.xygen consumption in the 
rat. Its major advances are: (a) Humidity 
control, inducing sleep, (b) Sensitive re- 
cording method, which shows body move- 
ments on the oxygen line and makes feasible 
readings covering 5-minute periods. 

2. Values obtained in 172 determinations 
on 42 male rats show a decline from 771 
cc./kg/hr at age 4 months and 752 cc/Ttg/hr 
at 5 months to a plateau at 6 months and 
maintained to at least 9 months. The aver- 
age for 133 determinations on rats of 6-9 
months is 692 cc/kg/hr ± 3.0 (P. E.). or 
655 Cal/mv24 hr. 


15697 

The Susceptibility to Furacin of Bacterial Strains Resistant to Sulfonamides 

or Antibiotics.^ 

!5Iorris X. Greek axd Stu.art Altmn. 

Frniii Uir Ticpnrlmrni of Dorirriolopt/, School of Vmrcr...H;i of Priiitstjlvanin. 

P/tifadcfphta, Pa. 

Furacin or 5-nitro-2-furaldehyde semi- tericidal and bacteriostatic for a large group 
carbazone has been found to be both bac- of Gram-positive and Gram-negative bac- 

* Tins work li.is liocii .aicteit tiy a grant from tlie Eaton T.nlioratories. Inc., Xorwicli. X.T. 
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hiss of gas as it comes from a compre.ssed 
oxygen tank. 

.A.t the tip of the tubular stainless steel 
writing lever is attached a free-swinging writ- 
ing arm made of capillary glass tubing (see 
inset, Fig. I). Such a writing point e.xerts 
a constant light pressure, determined solely 
b}' its own weight, against the kymograph 
drum. Fire-polishing the tip converts it into 
a smooth ball of low friction. 

Use of the spirometer and writing point 
described above leads to a high degree of 
sensitivity, so much so that the slightest 
movement of the rat communicates itself as 
a gross hump to the othenvise smooth kymo- 
c^ram. Such precision affords an integral rec- 
ord of activity on the oxygen line; it also 
makes possible the measurement of o.xygen 
consumption over so short an interv^al as 5 


minutes. Such short periods were found to 
give lower and more consistent readings than 
the much more prolonged runs usually con- 
sidered necessary. 

Inscription of the tracing in this manner, 
however, introduces complications in meas- 
urement, since it brings about an interplay 
between 3 arcs, described by the drum’s 
periphery, the spirometer bell, and the free- 
swinging writing arm. This requires that 
steps be taken to insure a constant, exactly 
reproducible spatial relationship between the 
kymograph and the basal metabolism ma- 
chine, and that a measuring rule be made 
for the individual machine. The former con- 
trol is easily made by fastening the machine 
and the kymograph to wooden bases so 
shaped that they fit together in only one 
position. The measuring rule is constructed 
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penicillin-resistant and susceptible strains of 
S. aureus were obtained. These strains were 
isolated before and after penicillin therapy. 

The following procedure was used in test- 
ing the cross resistance of these strains: 

.\U reagents were diluted either in casein 
hydrolysate or extract broth. The standard 
test inoculum for all strains was 200.000 
bacteria per ml. The strains were checked 
for their resistance or susceptibility to peni- 
cillin. streptomycin or sulfonamides, re- 
spectively. -Ml of the strains were tested 
against various dilutions of furacin to de- 
termine whether or not there was any dif- 
ference in susceptibility to this drug of the 
resistant and susceptible strains. Daily 
visual observations of growth were made for 
4 days and the results recorded as negative 
(no visible growth), doubtful, 1-f-, 2--, 
3-r or 4-|- growth. Casein hydrolysate me- 
dium was used for testing the penicillin and 
sulfonamide strains, extract broth for test- 
ing the streptomycin strains. 

Results. In Table I representative results 
are given for each of the drugs tested. Not 
all of the results are given. Those omitted 
were essentially similar in character to those 
given in Table I. Except for some of the 
penicillin strains, a fairly high order of re- 
sistance to the various drugs tested was ob- 
tained. Xone of the paired organisms re- 
sistant to sulfathiazole. streptomycin or peni- 
cillin showed any change in resistance to 
furacin. 


In most cases identical results with furacin 
were obtained with both the resistant and 
susceptible members of a pair of organisms. 
In some cases at the end of 4S, 72, or 96 
hours, differences were obseixed in the high- 
est dilution inhibiting growth: that is, one 
member of a pair would show growth onh' 
at the next lower dilution. This reaction was 
just as h'fcelj- to occur in the resistant as the 
susceptible strain of a pair of organisms. 

Several experiments were tried with pairs 
of pneumococci"' resistant to sulfathia- 
2 ole, acri flavine, atabrine and optochin. How- 
ever. these strains grew at the highest pos- 
sible concentration of furacin (1:5000), both 
under aerobic and anaerobic conditions, with 
minute inocula. The relative resistance to 
furacin. therefore, could not be ascertained. 

Siimiiiary and Couchislous. Several Gram- 
negative and Gram-positive organisms re- 
sistant to sulfonamides, streptomycin and 
penicillin and the parent susceptible strains 
were tested in parallel for their susceptibility 
to furacin, Xo differences were observed be- 
tween the resistant and susceptible strains in 
regard to their susceptibility to furacin. Re- 
sistance to penicillin, streptomycin or sul- 
fathiazole does not result in any change to 
furacin resistance. 

Tlic autlioT-s xri?h to tlinnk Dr. Morfou Klein of 
tins i.aboratorr for suggestions and crititism dnr- 
ing the course of the worlt, and Mr. Joseph Gots. 
also of this l.ahoratorr, for carrying out the 
experiments with pneumococci. 
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The Corneal and Lenticular Changes Resulting from .A.mino .-Vcid 
Deficiencies in the Rat. 

V. P. Sybexstricker, Hexrv L. Schmidt, Jr., axd \V. Kxowltox H.all. 
From (hr Dccpnrtracnts of Mcdiriiir niid Biorlirmislrw. rniivrjtp of Grorrjio XchooT of 

dfrdtcinc, Jupusto. Go. 


Corneal vascularization is a tissue change 
which may result from certain nutritional 
deficiencies.^ Totter and Day- observed that 

1 D.anu. W. .T.. .and DarlwTwTjTPAj/.^iof. 

IPto. 2.5. 320. 


this change resulted in the rat from deficien- 
cies of trj'ptophane or lysine. Maun. Cahill 
and Davis found that corneal vascularization 

2 Totter, ,T. R.. .and P.or. P. L., ,T. Xv.triiioii, 
1942, 24. 159. 
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teria.^ It has found practical application 
in the local treatment of infected areas when 
combined with carbowa.ves and propylene 
glycol as a washable base.- In connection 
with its clinical application, it is of interest 
to determine whether or not organisms re- 
sistant to sulfonamides, penicillin or strep- 
tomycin are also resistant to furacin. The 
experiments reported in this paper have shown 
that pairs of strains respectively resistant 
and susceptible to sulfonamides, penicillin or 
streptomi’cin do not differ in their suscepti- 
bility to furacin. 

Methods and Materials. Five pairs of 
coagulase-positive strains of Staphylococcus 
aureus were obtained — one member of each 
pair resistant and the other susceptible to 
sulfonamides. The resistant strains had been 
derived from the parent strain by continu- 
ous transfer in increasing sulfonamide con- 
centrations. For streptomycin similar pairs 
were obtained comprising Shigella parady- 
scutcriac, Escherichia coli, Proteus vulgaris, 
Streptococcus viridans, and Staphylococcus 
alhus. The dysentery strains were obtained 
through the courtesy of Dr. Morton Klein 
of this laboratory. The resistant strain was 
obtained by culturing the organism in the 
presence of increasing concentrations of strep- 
tomycin. The others were obtained through 
the courtesy of Dr. C. IV, Buggs of Wayne 
Universit)- School of ^Medicine. They were 
isolated from a patient who suffered from an 
abdominal gun shot wound and was treated 
with 4 g of streptomrxin every 24 hours. 
The parent strains were isolated before ther- 
apy and the resistant ones at various times 
during therap 3 ^ Through the courtesy of 
Dr. John E. Blair, Hospital for Joint Dis- 
eases, New York, 3 pairs of coagulase-positive 

1 (.0 Dodd, Y. f'., .iiid .'stillni.iii, W. 15., J. Phnnn. 
Exv. rhcniiK, DI44, 82. 11; (I>) Dodd. M. f.. ,/. 
Pliarm. Exp. Tlnrnp.. 8fi, 311; (r) Cramer, 

D. L., ;i)id Dodd, -M. C., ./. IJacl.. l!>4(i, .Tl, l!<):5. 

e (;i) .Silvder, HI. L., Kielni, C. L,, ;iiid Christo- 
pliersim. .T. W., The ililitanj 11)4.5, !}7, 

aSO; (b) Dodd, HI. C., ll.-irlm.-(mi, F. W.. ;ind 
W:ird, \V. G., Snrrjcnj. Gtiitrcnlogy, imd OVstrtnes, 
1940, 83, 73; (e) Sliildev, E. E., :iiul Dodd, HI. C., 
Sureicrii. Gi/iiccolo<nj. and Ohxi dries, in jiress; 
(d) Xotor, E., and L;miberti, T. G., Am. J. Siir- 
ficrii, 1940, 72, 940. 




Chemical Changes in Turtle Embryos 


61 


of the deficient,, nor those of the control ani- 
mals showed alterations.” 

From the work reported or cited here it 
appears that corneal vascularization is a re- 
action -which results in the rat from a de- 
ficiency of any of the indispensable amino 
acids or from protein deprivation. 

To date, 4 of the 7 rats on the histidine- 
deficient diet have developed bilateral cata- 
racts of %’arying size. It is to be noted that 
these 4 rats are all from different litters and 
that none of the rats on the other diets used 
in this study have shown any lenticular 
changes which could be seen with the biomi- 


croscope. 

Summary. In the rat, deficiencies of 
leucine, isoleucine, phenylalanine, histidine, 
threonine, valine, or of arginine, resulted in 
corneal vascularization. Four of 7 rats on 
a histidine-deficient diet developed lenticular 
opacities. 

This study was aided hy grants from flic John 
and JIary R. Marklc Foundation and the TJ. S, 
Public Hcaltli Service. Some of tlie amino acids 
used in tliis work were donated by 'iVinthrop Chem- 
ical Company and by tlic Corn Products Refining 
Company. 
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Chemical Changes in the Developing Turtle Embryo. 

Theodor von Brand and W. Gardner Lynn. 

From the Deparfmeiit of Bioloritj. The Catholic ruircrsii;i of .■Imrricn. Wnshiiifltoii, V.C. 


It has been found in previous experiments^ 
that the embryo of the snapping turtle 
{Chdydra serpentina) consumes fat in the 
amount of 61 mg per individual during the 
last 57 days of its development. Data ob- 
tained on the loss of dry substance during 
the same period, in conjunction with figures 
for fat loss and oxygen consumption, led 
to the assumption that relatively large 
amounts of protein were probably metabol- 
ized also. In the present study determina- 
tions of protein, carbohydrate, inorganic sub- 
stances, drj- substance and fat were made 
on turtle eggs at the beginning of develop- 
ment and on newly hatched turtles. The 
eggs used were collected from the oviducts 
of 3 large snapping turtles on June 11, 1946 
and each egg was weighed individually. 
Fifteen of the eggs (5 from each clutch) 
were opened at once and the egg contents 
(albumen and yolk) of all IS were put into 
a single vessel and dried at 110“C to serve 
for the determination of the initial chemical 
composition. The other eggs were incubated 
at room temperature and when the young 

1 Lynn. W. G., and von Brand, T., Bfo7. Bvlt., 
1945. 88. 112. 


turtles hatched (72-77 days) each was 
weighed and 15 specimens (5 from each 
clutch, as in the initial egg batch) were 
placed in a vessel and dried at llO'C. Eggs 
of as nearly as possible the same initial 
weights were used. The uniformity of the 
material is indicated by the fact that the 
average weight of the IS eggs used for 
analysis of the chemical composition at the 
beginning of development was 11.13 d:0. II g 
(eggshells included) while the initial aver- 
age weight of the 15 eggs which gave rise 
to the hatched turtles analyzed was 11.10 ± 
0.09 g. 

The 2 lots of dried material were each 
ground to a fine powder in a grinding mill 
and the following fractions were determined 
in aliquot parts by the methods snecified; 
nitrogen according to Kjeldhal, using the 
customary factor of 6.25 to convert to pro- 
tein; fat according to Kumagava-Suto;- to- 
tal carbohydrate according to Dische and 
Popper^ and inorganic substances by inciner- 

2 K«m.nf;,-Iv.n. M., and Suto, t^Bioch Z., 190S, 
8 . 212 . 

- r>‘s!')ic, Z., .and Popper, 11., Binch. 1926, 
175 , 371. 
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Ocular Changes in Deficiencies 


appeared in deficiencies of leucine^ and of 
histidine^ but no histological changes in the 
cornea were observed when rats were made 
deficient in phenylalanine.-'’' IVIethionine" or 
protein deprivation" may similarly produce 
marked corneal changes, one of the most 
obvious of which is corneal vascularization. 
The suggestion has been made that corneal 
vascularization mai- be a reaction resulting 
from a deficiency of any of the indispensable 
amino acids or of protein.* In the follmving 
report is an account of the corneal changes 
which we have obser\’ed to occur in defi- 
ciencies of certain of the indispensable amino 
acids. 

jilctJiods. Rats from a Wistar strain which 
were 25 or 26 days of age were placed in 
individual cages and given an e.vperimental 
diet and water ad libitum. The control diets 
contained an amino acid mi.vture as used 
by Maun, Cahill and Davis’ in their control 
diet. This supplied appro.ximateh' 3 times 
the amount required for normal growth of 
each of the indispensable amino acids. The 
remainder of our control diet contained in 
each 100 g; salt mixture" 4 g, cod liver oil 
2 g, cottonseed oil 3 g, chcline chloride 0.2 g, 
riboflavin 1.6 mg, thiamin hydrochloride 0.4 
mg. calcium pantothenate 2 mg, pyridoxin 
hydrochloride 0.4 mg and sufficient sucrose 
■to make 100 g. Diets deficient in phenyl- 
alanine. leucine, isoleucine, arginine, histidine, 
threonine and valine were prepared by re- 
placing the appropriate amino acid in the 
formula of the control diet with sucrose. 
Eight litters of 6 rats, one litter of 4. and 


M.'iiin. M. K.. r.'iliill. W. M., ;iml Divis. It. M., 
Jrr/i. Path., 104.), 40. 17.1. 

4 Mtiini, if. K., C'iiliill, W. it., iuul U;ivis, R. M., 
.Irch. Path., 104(), 41, -Jo. 

■■> Jf.'imi, ^f. E., rjjIiiJI, IV. jr., .■iiitl llavis. R. M., 
Avch. Path., 104.1, 30. 204. 

Ber}», .1. L., I’liixl, E- R.. S'Vdcnstric-kt'i-, V. P., 
Hall, IV. K., Bowli's, B. L.. .-Iiid Ilork, C. \V., 
,T. Xutntioti, in press. 

7 Hall, W. K., .Sydenstrieker, V. P., Hock, C. IV., 
and Bowles, L. B., Xiitniwti. 1040, S2, .lOO. 

5 Sydenstrieker, V. P,. H.all, 11 . K., Hock, Cl 11 ., 
and Fund, E. R., Scinicc, 1040, 103, 104. 

!> McKibben, J. H., Hadden, R. J., Black, S., and 
Elvebjem, C. A., Am. J. PUtpM., 1030, 128. 102. 


one of 5 rats were distributed among the 
diets so that there were 7 rats from different 
litters on each diet e.xcept for 8 on the 
threonine-deficient diet. Biomicroscopic e.\- 
amination of the rats’ eyes were made 3 or 
4 times weekly. One rat from each group 
where corneal vascularization occurred was 
changed to the control diet to induce regres- 
sion of the vascularization. Further details 
of technics used here were described in an 
earlier paper.’" As before, we limit our use 
of the term corneal vascularization to the situ- 
ation where there is an actual growth of 
capillaries in the cornea beyond the limits of 
normal variation. 

Rcsidls. In all of the amino acid defi- 
ciencies investigated in this study some de- 
gree of corneal vascularization occurred. It 
was the most prompt and extreme in 
phenylalanine deficiency although the vas- 
cularization resulting from isoleucine and 
leucine deficiencies was nearly as extreme. 
Successively lesser degrees of corneal vas- 
cularizatioh were obsen-ed in histidine, valine, 
threonine and least in arginine deficiencies. 
Of the 7 animals in each group on deficient 
diets the number which have showed corneal 
vascularization are respectively: phenyl- 
alanine 7, leucine 6, isoleucine 7, arginine 
5, histidine 7, threonine 7 (of 8 rats), and 
valine 5. One of the control rats developed 
a few capillary loops into the edge of the 
cornea, beyond the usual limits of variation. 
Rats deficient in leucine, isoleucine, phenyl- 
alanine, histidine and threonine, when re- 
turned to the control diet to supply the lack- 
ing amino acid, underwent a prompt regres- 
sion of vascularization until no corneal 
capillaries could be seen with the biomicro- 
scope. 

"The observations described above as to 
the corneal vascularization occurring in 
leucine and histidine deficiencies are in ac- 
cord with the findings of Maun. Cahill and 
Davis’-" in these deficiencies. Our findings 
in phenylalanine deficiency are in contradic- 
tion to those of Jlaun, Cahill and Davis,-’ 
since they reported that “neither the eyes 

IC Bowles, L. L., Allen, B., Syclenstriekci-, Y. P.. 
Hock, G. tv., .me? Hall, tV. K., Xntrition, 1{I46, 
32. 19. 
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TXEUE I. 

Effect of Hemorrliage on tlie Absorption of Mngnesium Sulfate. 
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staiisiically stgniticant, 

Ii was thought worthwhile to ascertain 
whether anemic anoxia (hemorrhage) would 
influence the rale of absorption ot mag- 
nesium sulfate from the small intestine. It 
is known that this salt, if absorbed in suf- 
ficient quantities, may be quite toxic, so 
the problem is of practical as well as of 
academic interest. 

MctJwds. Paired tfogs as nearly alike in 
weight and age as possible were fasted 24 
hours. One ser\-ed as a control and the 
other was subjected to hemorrhage. Ten ex- 
periments were performed on a total of 20 
animals. 

The experimental animal was etherized, 
the femoral arterj- cannulated and bloc-d 
withdrawn equal to of the bcdy weight. 
The artery was then ligated and the incision 
closed. Four hours were allowed for re- 
covery from the ether and adjustment of 
the circulatorj- mechanism. During this in- 
terim. water was allowed ad libitua:. 

The animal was then aiven sodium barbi- 
tal intravenously (300 mg tgj. The small 
iniesiine was exposed by a mid-lire incbicn 
and practically the entire ileum used tor a 
loop. The length of the loop was made the 
same as that in the control animal. It was 
washed out with isotonic glucose solution 
and tilled with an isotonic solution o; mzs- 
nesium sulfate (3.25^ anhydrous). .\uer 
90 minutes the fluid was removed from the 
loop and carefully measured. It was digested 


with concentrated HCl and the amount of 
sulfate determined gracimeirically by pre- 
cipitation with barium chloride. The mag- 
nesium was determined by precipitation with 
S-faydrox\quinoline. 

The control animal was treated exacth* 
as the experimental with the important ex- 
cep‘ion. of course, that it was not bled. 

Results. Table I shows the results ob- 
tained. There was no great difference of 
absorption of either _ magnesium or sulfate 
between the controls and those subjected to 
hemorrhage. The controls absorbed 15^ 
of the sulfate and 14*^ of the magnesium, 
while the experimental animals absorbed 
and I/'T respectively. The differences 
in the means of the results were not statis- 
tically significant. There was a close paral- 
lelism between the absorption of magnesium 
and of sulfate. In all cases, save one. the 
same amount or more of fluid was recovered 
than was put into the intestinal loop. In 
one experimental animal 13 cc less was re- 
covered than was out in. The greatest amount 
of secretion was 11 cc. 

Dhcussiov. The results clearly indicate 
that a pranoanced hemorrhage does not make 
the intestinal epithelium more permeable to 
either the magnesium or the sulfate ion. 

.^s pointed out previou-sly’ it is of distinct 
interest that an appreciable amount of maa- 
nesium sulfate is absorbed from the small 
intestine, even in a period of 90 minutes. 
This is not generally appreciated, although 
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TABLE I. 

Clicinic!il Ch.-ingcs in tlio Developing Embp-o of tlie Snapping Tuitlc. 


g 

Egg 

Hatched turtle 

Difference 

Ayg fre.sli wt 

9.89 

8.01 

—1.88 

” dry ” 

2.07 

1.08 

—0.39 

” jirotoin eonlcnt 

1.15 

0.9.1 

—0.22 

” fat ” 

0.52 

0.30 

—0.22 

■' e;irboliydrnte content 

0.14 

0.10 

-f0.02 

” inorganic ” 

0.17 

0.19 

-h0.02 


alion. 

Our results are summarized in Table I. 
It is obvious that the main substances con- 
sumed were fat and protein. Quantitatively, 
identical amounts of both "roups of sub- 
stances disappeared, but the greater amount 
of energy was obviously derived from the 
fat combustion. It will be noted that the 
sum of protein, fat. carbohydrate and inor- 
ganic substances amounLs to about 95% of 
the dry weight in both batches. The 5% 
which is unaccounted for may be due to 
errors in the protein and carbohydrate de- 
terminations. It is questionable whether the 
customary conversion factor of 6.25 used in 
the protein determination is e.xactly applicii- 
ble to turtle protein and it may well be that 
the carboln-drates present do not give ex- 
actly the same color intensity with the in- 
dole reagent as does the glucose solution used 
for comparison. The quantitative balance is 
sufficiently close, however, to prove that the 
developing snapper embr.vo derives its en- 


ergy from the combustion of fat and pro- 
tein. Similar observations have thus far 
been reported for onh’’ one other chelonian, 
the marine turtle Thalassochclys coritcata^'’' 
In our previous study* we found that a 
snapper egg consumes about 500 cc of oxy- 
gen during its development. The complete 
oxidation of 0.22 g of fat and 0.22 g of 
protein would require about 660 cc of o.xy- 
gen. If some carbohydrate were synthesized 
from protein, the figure would be slightly 
lower, but would still be in excess of 500 cc. 
The discrepancy may be e.xplained by the 
fact that the eggs used this year were some- 
what heavier than those employed 2 j'ears 
ago (11.1 g as compared with 9.9 g) and 
that their development required an average 
of 75 daj's as against 72 days. 


•I ICniasliini.n, .T., .1. Binchem. (Tol-tjo), 1029, 
10. .17.1. 

Xakamuia, V., .7. Iliochrm. (Tol-yi)). 1929, 
10. ,157. 
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Effect of Anemic Anoxia on .Absorption of Isotonic Alagnesium Sulfate 
from the Small Intestine.’* 


E. J. ^'AN Liere, D. W. Northup, J. C. Sticknev, and R. E. Richard. 

From ihc Vcparlmcnt of Fliysiology, West Firgima Univcr.mtg, Morgantown. 


It was shown by Northup and \'an Liere* 
that even severe degrees of anoxic anoxia 

’Aided In- a gr.'int of tlie Ella .Saclis Plotz 
Foundation. 

1 Novtimp, n. ""■‘■'J- 

Internal Pharmaro. et <lc TJicrap.. 19X9, 02, 17o. 

eVan Licre, E. J., Xortlmp. D. IV., and .Sleetli, 
C. K., Am. J. Phy.mol.. 19.18, 124, 102. 


had no significant effect on absorption of 
magnesium sulfate from the small intestine 
of dogs. It had previously been shown, - 
however, that in anemic ano.xia, produced by 
bleeding dogs 3.2% of their body weight, 
isotonic sodium chloride solution was ab- 
sorbed from the small intestine more quickly 
than in control animals. The results were 
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The present paper describes a sensitive 
fluorimetric method for assay of the steroid 
estrogenic hormones on the basis of the fluo- 
rescence afforded when these substances are 
heated with phosphoric acid. 

Method for estrone, estradiol and cstriol 
in pure solutions. It has been known for 
some time that several natural estrogens — 
estrone, estradiol, estriol — produce on warm- 
ing in concentrated sulfuric add orange- 
colored solutions with green to blue fluo- 
rescence.’^'^" The fluorescence reaction has 
been employed widely as a qualitative test 
for estrogen in preparative work, and diag- 
nostically as a qualitative test for pregnancy 
in the mare.”-’^ .-^s sulfuric acid produces 

color under the same conditions, and in some 
cases fluorescence with a large range of sub- 
stances, it seems not to have been considered 
worthwhile hitherto to attempt quantitative 
assay of estrogens on the basis of this reac- 
tion. In the method described below, this 
difficulty is avoided. By the use of phos- 
phoric rather than sulfuric acid in the reac- 
tion solution, the interference of nonspecific 
response is largely eliminated.’® Thus a 
quantitative test possessing a desired degree 
of specificity is afforded. 

Reagents. 1. Phosphoric acid, s. g. 1.75, 
purest. 2. Crystalline estrogens.! 3. Eth- 
anol. pure, redistilled from an all-glass still. 

Special .Apparatus. 1, Test tubes provided 
with ground-glass stoppers (capacity 15 cc, 
Pyre.v). 2. Fluorimeter provided with a 
micro-cuvette (capacity 2 cc). 

Procedure. .\ volume not exceeding 2 cc 
of the pure alcoholic solution of estrogen 


11 Wieland, H.. Straub, 'W., and Dorfmttller, T., 
Z. pln/siol. Clicm.. 1P2P, 180. 97. 

12 Marian, G.. Biochem. J., 1930. 24, 1021. 

13 Scim-enk, E., and Hildebrandt. F., Biochem. 
Z.. 1933, 2o9, 1021. 

II Cuboni, E.. Klin. TTchnschr.. 1934. 8. 302. 

it'Sala, S. L., eited in Scjr anil Internal Secre- 
tion. p. S92. Williams & Wilkins Co., 1939. 

I'l Hestrin, S., and Mager, J., Xaturc, 194C, 
158, 95. 

t Estrone and estradiol \vcrc kindle supplied by 
Dr. B. J. Brent, Boebe Organon, Ine. ; cstriol was 
obtained tlirougli tlie courtesy of Dr. O, Kamm, 
Darke Davis Co. 


is evaporated from a test-tube over a water 
bath and oven-dried for one hour at 110°C. 
To the dry residue, 3.0 cc phosphoric acid 
is added from a liurette. The test-tube, 
closed with ground-glass stopper, is trans- 
ferred to a boiling water bath (98°) and 
heated in the dark for 30 minutes, the mix- 
ture being shaken during the first 2 min. 
of heating to insure the solution of the es- 
trogen. Reaction is interrupted by cooling 
in tap water. The fluorescence is measured 
within an hour. The concentration of the 
estrogen solution is read against a concur- 
rently prepared standard reference curve. 

Prolonged e.xposure of estrogen in acid to 
light is avoided as light interferes with the 
development of the fluorescence and also 
causes gradual fading of developed fluores- 
cence. In performing the reaction, care is 
taken to prevent accidental entrj’ of water 
(spray or vapour) into the reaction mi.xture, 
as water sharply depresses the reaction and 
exerts a marked quenching eff'ect. The re- 
action vessels should be sealed with close- 
fitting ground-glass stoppers, rubber and 
cork being unsatisfactory. 

Experimental. Pure crystalline estrogens 
were used for the e.xperiments. The fluo- 
rescence was measured in a 2 cc micro-cuvette 
with a Lumetron photofluorimeteri using a 
Uviarc mercurr- vapor lamp equipped nith 
primary filter as for riboflavin assa\-, and 
secondary orange filter which transmits free- 
ly above 5500 The instrument was cali- 
brated against fluorescein solution of known 
concentration. 

Eucet of healing time. The effect of heat- 
ing time on the intensity of the fluorescent 
response of estrone and estradiol was deter- 
mined for the time interval 5-30 minutes. 
The results in Table I demonstrate that the 
reaction proceeds regularlj- with time, rising 
rapidh' in the first 10 minutes, and then 
less rapidly to a ma.ximum at 20 minutes 
and is maintained at 30 minutes. Prolonged 
heating (60 minutes) led to loss of fluo- 
rescence. heating time of 30 minutes 
seems therefore to be suitable and is em- 
ployed in all following experiments. 

i Tb.-ink.-! .^rc dne to Prof. I. .$. Friedenwald for 
his kind gift of n Eumetron apparatus. 



64 


Estimation of Stf,roid Estrogens by Fluorimetry 


Hirschfelder' reported that after 20-40 g of 
magnesium sulfate were administered to a 
human subject, no increase occurred in the 
magnesium content of the Hood, but 40% 
was excreted in the urine in 24 hours. How 
much of the sulfate was absorbed was not 
stated. 

Verzar and McDougal' pointed out that 
the rate of absorption of the sulfate ion is 
about the same as that of substances of equal 
weight and compares favorably with that of 
pentoses and certain he.xoses. The data we 
are presenting show a parallelism between 
the rates of absorption of the magnesium 
and the sulfate ions. So far as we are aware, 
this has not been previously emphasized. 

a HirsclifeWcr, A. D., J. DM. Clinn., tO.'it, 101, 
G-17. 

Vcrzjir. .•111(1 Mcllougiil, ]•;. .T., Ahsor/itioii 
from llif JnlrKtiiK', Lniigmiins, (ircon & Co., London, 
1930. 


Magnesium sulfate is widely employed by 
both practitioner and laymen and is proba- 
bly one of the most commonly used house- 
hold cathartics. A number of cases of mag- 
nesium poisoning'’’" have rather recently been 
reported, some of which have proved fatal. 

Summary. The rate of absorption of mag- 
nesium sulfate was studied in a series of 
barbitalized dogs each of which had suffered 
a hemorrhage equal to 3% of its body weight. 
The control animals absorbed 14% of the 
magnesium and 13% of the sulfate, whereas 
the e.vperimental animals absorbed 17% and 
16% respectively. The differences were not 
statisticallj' significant. fact not suffi- 
cienth' appreciated is that the intestine is 
only relatively impermeable to this salt. 


Jlryiin, F. E., ,7. Malntui Dr., Drit. 3!. A., 1939, 
«, 100 . 

'••Oi’iis, .T. P., J. A. M. A., 1943, 123, 102S. 
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E.stimatioii of Steroid Estrogens by Fluorimetry.* 

^I. ITnkelstf.in, Hestrin, and W. Koch. (Introduced by Bernhard Zondek.) 

Froi/i the //ornioiic Doncorc/i Lahoratory and the Deportment of Jlyyicnr and Dueteriology, 

The JJeVretv Vniversity, Jcrn.talcm. 


Estrogens are still generally determined by 
biological methods. .As these present all the 
difficulties and uncertainties of the biolog- 
ical technic, considerable interest attaches 
to the development of an adequate chemical 
assa}^ for the estrogens. During more than 
a decade repeated attempts have been made 
to elaborate a colorimetric procedure suita- 
ble to this purpose.’""’ Most of this work 
has been based on the Kober reaction. The 

* Tliis pjilier was piirtl.y aided iir a frr.iiit from 
tlie Max LoiKl(jn I’''oun(l.ition iKliiiiiiistort’d by Hr. 
JI, Bloom. 

1 Kober, S., Dioelicin. X., 1931, 999. 

'-’Kober, .S., Dioehnn. J., 193S, 32, .357. 

:i Ciirtlnnd, P. G., Meyer, R. K., Miller, L. C., 
and Rutz, Jf. IL, d. DM. Chem.. 1935, IQU, L>13. 

■1 VennhiK, P- H-, K'elyn, K- A., Ilarkne.ss, E. V., 
•ind Browne, Y. S. L., J. Dial. Clicm., 1937, 120, 225, 
.-iBaelnmin, C., J. DM. Chem., 1939, 131, 453. 


available colorimetric methods are, however, 
difficult in practice, of imperfect specificity, 
and often insufficient in sensitivitj’. A search 
in the field of fluorimetry for an adequate 
solution of this analytical problem would 
seem to be indicated. The proven high sensi- 
tivit}' of fluorimetric methods in vitamin as- 
say encourages the hope that methods of 
this type could find usefulness in determina- 
tion of hormones at biological level. 

B.irliinrin, C., .'rnd Pottif, D. S., J. Biol. Chem., 
1941, 138, CSS. 

r Talbot, N. B., Wolfe, Y. K., M.ieLaelibin. E. A., 
Karusli, F., iind Butler, .A. M., J. Biol. Chr m.. 1940, 
131, 319. 

u David, K., Acta brev. Xccrland, 1934, 4, 04. 

!> Zimmerm.’inn, W., X. physiol. Chem., 1935, 233, 
257; 3936-37, 245, 47. 

to Piiicus, G., 'Wlicoler, G., Young, G., and Zalil, 
P. A., J. Biol. Chem., 193G, 116, 253. 
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Analyses 

TABLE II. 

of Estrogen Solutions bv the Pluoriinetric yiethod. 


Cone, per cc 

Cone, per ce 

Error of estimation 

Estrogen 

in Y as given 

in -r as read 

in Y 

Estrone 

0.00 

0.0 

0.0 


C.oO 

6.5 

0.0 


S.50 

S.3 

—0.2 


0.00 

S.O 

—0.1 


0.30 

S.05 

—0.35 


10.00 

0.75 

—0.25 


10.00 

0.S0 

—0.20 

Estradiol 

1.50 

1.40 

—0.04 


‘20 

2.15 

— 0.05 


•2.40 

2.40 

—0.00 


4,30 

4.22 

— o.os 


1.50 

1.0 

0.0 


1.50 

1.65 

-fO.15 


4.00 

3.S 

—0.2 


4.00 

4.0 

0.0 


Eficcf oj estrogen concentration. Typical 
concentration response curves are shown in 
Chart 1. It can be seen that the intensity of 
fluorescence is a linear function of estrogen 
concentration to at least 2.5 y of estradiol, 
and 5 y of estrone. The cur\’e for eslriol 
seems to be slightly conve.': to about 2 y, 
then straightens out and follows a linear 
course from 3 y to at least 10 y. The estriol 
solutions have a faint pink color; the estrone 
and estradiol solutions are virtually' color- 
less. Weight for weight, estradiol is 3.6 
times and estrone about 1.3 times as active 
in production of the fluorescence as estriol. 
The sensitivity of the method therefore varies 
with the estrogen determined. 

Results obtained on solutions of pure es- 
trogen in concentrations unknown to the au- 
thors at the time of the anah'ses are shown 
in Table II. In optimum ranges of estrogen 
concentration and when each test was per- 
formed in duplicate on 2 dilutions of the test 
solution, the mean error of estimation in a 
series of 30 determinations proved to be 
±3%. 

Preparation oj standard curve. The instru- 
ment was calibrated against sodium fluores- 
ceinate so that a solution of a concentration 
of 0.8 y /cc rated near 40 on the galvanometer 
scale and precisely 100 on the potentiometric 
scale. 

Calibrations were made both before each 
series of measurements and during measure- 


ments at intervals of 10 minutes. Standard 
cuiY'es were prepared from parallel meas- 
urements on graded estrogen concentrations 
so selected to fall rvithin the potentiometric 
range 10-90. The ordinary scatter of re- 
sults in a parallel replicate series can be 
seen in Fig. 1. Standard curves obtained on 
different day's using the same batch of phos- 
phoric acid fluctuated within ±5%. .-V daily 
check of the standard curve is recommended 
for accurate work. 

Specijicity. Effective use of the fluores- 
cence reaction as the basis of estrogen assay 
in biological materials is dependent on proof 
of the reaction’s specificity' as between dif- 
ferent ether-soluble biological substances 
which tend to accompany' the estrogens in 
usual procedures for their extraction. 

Nonestrogenic mononuclear urinary phe- 
nols (tyrosine, phenol, and cresol) showed 
in an amount of 1 mg neither fluorescence 
nor color reaction under the conditions of 
the test. 

The behaviour of 13 sterols^' listed in order 
of decreasing activity' is recorded in Table 
III. It may' be seen that of the examined 
nonestrogenic sterols only desoxycorticos- 
terone and testosterone have sufficient activi- 
ty to produce a false positive estrogen read- 
ing under the conditions of the test. As 

5 The authors are indchtccl to Pr. P. Bergman, 
Daniel Sief Rcsearcli Institute, Reliovot, for a kind 
gift of sterols. 
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Estimation of Steroid Estrogens bv Fluorimetry 



estradiol: o ; estrone r A f estriol: • ; 


Chart 1. 

Influence of estrogen, concentration on fluorescence response. 

Tlie orfliii.'itc intersect an iiiti'insic instrument factor. 


TABLE 1. 

Effect of Heating Time in BJiosphorie Acid on Fluorescence B eaction of Estroiie and Estradiol . 

Fluorescence measurement in relative galvanoinetrie 
units at different times 


Substances 5' 10' 


27.3 

17.0 


Estrone. 3 7 
Estradiol, 1 y 


33.3 

31.0 


50.0 

40.0 


37.5 

42.5 


Substance 


TABLE m. (Continued). 
Structural formula 


Xo. 


Fluorescence activity per y 
relative to estrone = 1 



10 Androstanediol 


11 Pregnanediol 



0 





■ s^uctural formulte conform to tbe conventions 
rriiinfoo.v, Franks Publishing Co.. Montre.al, 1943 ). 


adopted 


by H. Selye (Encyclopcclia of EnUo- 
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TABEE III. 

CoiTflatinn of Chemical Stnichne niul Fluorcse ■iice Rcsimiigc to Treating in I'hospliorie Acid.* 


No. Sai).stai)ec Structural formula Fluorcscciicc activit}- per 7 

relative to estrone = 1 . 




4 Dcso.vycoitlcostorone- 
neotafe 


Testosterone 



0.3 


0.1 




c.*o 


c 


Pi'OgcstGrone 


0.01 
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action to estrogen assay in a materiai which 
contains several estrogens must entaU prior 
separation of the different components. Sev- 
eral recommended fractionation technics for- 
tunately meet this requirement.'^-*’’^^ It 
mav be noted here that the nonsteroid es- 
trogen, stabestro], does not produce fluo- 
rescence under the conditions of the test. 

The fluorimetric method is simple, the 
reprodudbUily of the result is good, and the 
specificity of the test promises to be as good 
as or better than has been obtained with the 
previously described colorimetric methods. 
Further study of the analrtical possibilities 
of this assay seems therefore to be desirable. 
-A. sur%-ey of the effect of phosphoric acid on 
a larger number of sterols and related sub- 
stances with a view to elucitating the rela- 
tion of sterol structure to fluorescent response 
has accordinglj- been undertaken. At the 
same time the application of the fluorimetric 
method to estrogen determination in blood 

IS Mather. A., J. Biol Chen.. 1942. 1+4. 617. 

’fPinens. G.. Pwrlman, W. H.. BnSocrin- 
oloffrj. 1942. 31. 507. 

wStiroinel. B. T.. ,T. Biol Chen.. 1946, 162, 99. 


and urine is being examined. The results 
will be reported elsewhere. 

Summary. 1. A method for estimation of 
estrone, estradiol, and estriol in pure solu- 
tion is based on the obsen-ation that these 
substances afford products with a green fluo- 
rescence when heated in phosphoric acid. 

2. The fluorescent response of the urinaiy 

estrogens is o%’er a wide range a linear func- 
tion of their concentration. The error of 
the fluorimetric assay in suitable ranges of 
estrogen concentrations (estradiol, 0.5-2.5 y; 
estrone, 1. 0-5.0 and estriol, 1.0-10.0 y) 

does not exceed drSJc. 

3. Sterols which do not contain a con- 
jugated double bond, some naturally oc- 
curring nonsleroid aromatic substances, and 
many common constituents of biological ma- 
teria! gh-e no fluorescent response under the 
conditions of the test. 

4. Estrogen fluorimelrj' appears to com- 
pare favorably as to sensithriU', specificity 
and simplicity with prenously described 
methods of estrogen assay. 

The onsbors wish to express their irflehtedness 
to Prof. B. Zondeh. for his kind interest and 
support of this investigation. 
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Induction of Renal Glomerular Lesions by Urethane in Inbred Mice 
Susceptible to Spontaneous Glomerulonephritis.* 

.Arthur Kirschbaum .4Xd E. T. Bell. 

Fron ihf V'T^arSnents of Aralorn;! ana Palholooy, rnirereifn of JSinnerofa Medical Sehooi. 


Tfinr 

Alice of the XH strain develop spontane- 
ous glomerulonephritis. Histologically the 
glomeruli are similar to those of the human 
chronic disease.* 

* This investigation luis l-<-n aided l>v a grant 
trom ti:e Life Icsurance Medieal Bo'Searoh Fond. 
The authors are indebted to Mis= Jlartheila Frantz. 
Jfiss Eicora Stalm. and Mrs. Sonia Brann for 
valnahlf- technical assistance. 

! Kirschiiatim. .A.. Psoc. iSoc. Esp. Broc. AStn 
Men.. 1944, 55. 2S0. 

SDonn. T. B., and Ltirsen. C. V.. Fea. Proe.. 
Part I. 1946. 


IS. Jlinn. 

Dunn and Larsen- reported that urethane 
induced hj-aline alterations in the glomeruli 
of mice of the Strong A strain, whereas simi- 
lar changes were lacking in the glomeruli 
of other stocks of mice following the ad- 
ministration of this drug. 

The work of Dunn and Larsen sussested 
to the authors that urethane might provoke 
interesting changes in the glome^i of mice 
which are susceptible to the development of 
spontaneous glomemlonephritis. Twentv- 
one XH mice received I mg per g of body 
weight of urethane (anesthetic dose) in 
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neither of these 2 possible interferants is a 
phenol, their separation from the urinary 
estrogens presents no great difficulty. 

In test-tube e.vperiments on a random col- 
lection of substances, the following results 
were recorded. Tryptophane and quinine 
showed marked fluorescence. Stilbestrol, 
catechol, ail amino acids other than trypto- 
phane, glucose and polyglucosides, several 
purines and polyhydric alcohols showed no 
reaction. Carbohydrates containing a non- 
glucose sugar constituent gave amber reac- 
tions but no fluorescence.^’ 

Discussion. The fluorescence reaction de- 
scribed seems .suitable for use as the basis 
of an estrogen assay. Furthermore this re- - 
action may afford also a basis of assay for 
certain nonestrogcnic sterols, c.g. testosterone 
and dcsoxycorticosterane acetate. The fluo- 
rescence response of these latter, though 
smaller than that of the estrogens, is readll 3 ' 
measurable at a level of about 10 On the 
other hand, the minimum amounts of es- 
trogen that can be determined in terms of 
fluorescence reaction within an error range 
of ■±3’/o are for estrone 1 y or 10 I.U., for 
estradiol 0.5 y or about 5 I.U., and for 
estriol 1 y or about O.OI I.U, Thus the 
sensitivity of the fluorescence assay in the 
case of estriol e.xceeds that of the biological 
test and in all the cases exceeds that of 
known colorimetric procedures.^''" 

When estrogens are heated with sulfuric 
acid, a fluorescence e.xceeding in intensity 
that afforded by phosphoric acid is obtained. 

In principle, therefore, sulfuric acid might 
seem preferable to phosphoric acid as the 
reaction agent. ^Vben sulfuric acid is used, 
however, blank fluorescence of the reagent 
complicates the reading, color changes ob- 
scure the determination, Uie results are less 
reproducible, and greater technical incon- 
venience is encountered. For quantitative 
work, phosphoric acid seems decidedly to be 
preferable. 

The e.xperiments reported show that fluo- 
rescent response to heating in phosphoric 
acid is a specific characteristic of certain 
sterols.' fr consideration of the structural 

."^Hestrin, S., and Mager, J., 1946, unpublished. 


formulae of the investigated sterols (Table 
Illl leads to certain generalizations concern- 
ing structural features which mediate the 
production of fluorescence under the condi- 
tions of this test. It is evident from the 
data that the investigated sterols fall into 2 
groups: 

(a) Substances Nos. 1-6 which show a 
definite fluorescent response. 

(b) Substances Nos. 7-13 which show no 
measurable fluorescent response. 

.‘\11 the substances of Group (a) possess a 
conjugated double-bond s\’stem and have this 
sj'stem in ring A of their structure. Two 
types of conjugated double-bond systems are 
e.xemplified in this group; aromatic or poh’- 
enoid (C;C'C;C), c.g. substances Nos. 1-3; 
and catioenoid (C;C'C;0), c.g. substances 
Nos. 4-6. On the other band, no member of 
Group (b) possesses a conjugated double 
bond, although some of the members of this 
group do possess one or more nonconjugated 
double bonds. It is suggested therefore that 
the presence in the sterol molecule of a 
conjugated double bond is a prerequisite of 
the fluorescent activity. From the fact that 
the magnitude of the response of different 
substances in Group (a) varies markedly, it 
must be concluded that the maenitude of a 
fluorescent response is determined not merely 
b\' the presence of a conjugated double bond 
but also b.v other characteristics of the mole- 
cule. It is evident that the presence and 
position of polar groups e.xerts an important 
influence on the magnitude of the fluores- 
cent response. High activity such as the 
urinarj' estrogens e.xhibit appears to be asso- 
ciated with aromatic phenol character in ring 
.-V and presence and position of oxygen bonds 
in ring D (Table III). 

-'Vs ma\’’ be seen below, the biological ac- 
tivity and fluorescent response of the investi- 
gated estrogen trio are correlated, though bj' 
no means perfectly. 

RpI.Ttive Estriol Estrone Estr.adiol 

EstrofreiuV 9.01 1 s 

Fluoriniotric 0.75 1 2.7 

Since the ratio of estrogenic activity to 
fluorimetric response per gamma is a varia- 
ble, it is clear that the application of the re- 
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Coproporphyrinuria (Type III) in Acute Poliomyelitis.* 


C. J. Watson, Wm. Schulze, Violet Hawkinson, and A. B. Baker. 

From the Departments of Mcilicinc and Xatroiisychiatrii, UmversHij of ilinnesota Hospitals. 

Jlituicapolis, Minnesota. 


The recent epidemic of poliomyelitis in 
Minneapolis has provided opportunity to in- 
vestigate the urinary coproporphyriti e.vcre- 
tion in this disease. The need for such a 
study was suggested by a number of facts 
relating to the normal and pathological 
physiology of the porphyrins. Chief among 
these was the observation of Kliiver,^-" that 
■the white matter of the central nervous sys- 
tem of warm-blooded animals regularly con- 
tains a small amount of coproporphyrin. 
Kliiver's studyi indicated that this was 
probably the Type III isomer, at least from 
the standpoint of its solubility characteris- 
tics. Our own studies bearing on this point, 
to be described in detail elsewhere, have 
likewise indicated the presence of the T\^e 
III isomer, on the basis of the differential 
precipitation or “fluorescence quenching’' 
method.® 

In addition to the physiological occurrence 
of coproporphjTjn in the central nervous sys- 
tem, the markedly increased urinary e.xcre- 
tion of the Type III isomer in lead and 
arsenic poisoning, and, in association with 
uroporphyrin, in intermittent acute porphr- 
ria (diseases in which the nervous system is 
commonly affected), constituted additional 
reasons for investigating the porphyrin 
metabolism in poliomyelitis. This disease 
has in fact been confused clinicall)’ with 
acute porphyria,"* an additional instance of 
the latter tj'pe having come to our attention 
in recent weeks. 

* -AidcU by a grant front tbe .Tobn and Mary B. 
MarWe Foundation. New York City, .and the 
Xafional Foundation for Inf. untile Pitrn lysis, Ine. 

IKlfircr, II., J. Pspehol., 1044, IT, t!n<). 

2 Klnvcr, H., Science. 1944, 09, 4S2, 

t Personal communieatiQn. 

3 SchnMrtz, S., H.mkinson, V., .and IVatson, C. .1., 
Science, 1940, lOS, 33S. 

I W.uidenstroni, J., Acta Psticliiatrica cl Xeurof- 
opicn, 1939, 14, 375. 


Still another reason for investigating the 
urinary coproporphyrin in poliomyelitis is 
the occurrence of unexplained hjiiertension 
in this disease, especrall}^ in the bulbar type. 
This has been observed rather frequently in 
the present epidemic. So far as can be de- 
termined, hypertension in poliomyelitis has 
been mentioned specifically in but one re- 
port in literature (Salus®) although it has 
been referred to in association with lesions 
of the brain stem.® It is well knoivn, of 
course, that hj-pertension is a relatively com- 
mon manifestation of intermittent acute 
porphyria, with or "without bulbar manifesta- 
tions, although the relationship is as yet 
unexplained. Carrie' classifies the hyper- 
tension of porphyria, and of lead poisoning, 
as vasospastic in Upe, designating it as 
“porphyrinopathic.” 

The present material, consisted of 64 cases 
of poliomyelitis studied at various stages of 
the disease, and representing various types 
and degrees of severity. One hundred and 
ninety determinations of total coproporphy- 
rin were made in these cases, on aliquots 
of 24-hour urine samples, a modification of 
Fikentscher’s method® being used.+ Fifty- 
one isomer anah’sesf were made by' means 
of the differential precipitation of the esters 
of coproporphyTin I and III in 30-35% 
acetone in the cold.® " The results obtained 

■■•S.ulus, F., Ktin. D'cfinsehr., 1932, 11, 1542. 
a Page, I, H,, and Corcoran, C., Arterial 
Hi/pcrtension. Its Diagnosis and Treatment, Tear 
Book PnbHshcrs, CtnenRO, 1945, p. 20. 

r Carrie, C„ Die Porphgrine, Ilir Xachxccis, Hire 
PhpsiolOffic und Klinil:. Leipzig, G. Tiiieme, 1935. 
s Fikentsclser, R., Bioehem. Z., 1932, 249, 257. 
i 0ef.-ii!s of these procedures wit! tie given in a 
fOTthcoming publication.n Of the two .alternative 
methods of isomer an.aiysis, A and B, the latter 
was used in the itresent study. 

9 Schwartz, S., Hawkinson, V„ Cohen, S,, and 
W atson, C. .T., ,f. Biol. Client., in press. 
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aqueous solution once each week by subcu- 
taneous injection. The mice were 6 to 8 
weeks of age wlien the e.xperiment was begun. 

Between 5 and 6 months after the series 
of injections was started II of the mice be- 
came grossly edematous. The plasma pro- 
tein levels of these animals were depressed 
(values of less than 5.2 the lowest level 
obtained for the mice without edema), the 
urine contained albumin, and blood urea ni- 
trogen was elevated (range of from 50 to 
265 mg% as compared with a normal of 
18-27 mg^o).’* In one case there was a gross 
hyperlipemia; the plasma cholesterol value 
was 430 mg% as compared with a normal for 
mice of approximately 100 mg%.-' All the 
injected mice were anemic. I'he degree of 
nitrogen retention, but not of anemia, could 
be correlated with the extent of the pathologic 
alterations obseia'ed in the glomeruli. 

•The essential pathologic changes in the 
glomeruli were thickening of the capillary 
basement membrane (azo-carmine stain), cap- 
illary thrombosis, and closure of many capil- 
lary tufts resulting from the basement mem- 
brane alteration. The affected glomeruli were 
smaller than those observed in spontaneous 
glomerulonephritis of NH mice, more 
glomeruli were normal, and except in an oc- 
casional glomerulus there was nothing to 
suggest endothelial proliferation. Histologic- 
ally the glomeruli resembled those of human 
lipoid nephrosis." In one case most of the 
glomeruli were extensively infiltrated with 
polymorphonuclear leukocytes. 

Of the 21 mice injected with urethane, 
either edema or histologic evidence of renal 

3 Koch, F. C., .niul JlcJIcchin, T. L., J. Am. 
Clicm. Soc., 1924, 40, 2006 (iiictliod for dotorminiiig 
plasma proteins). 

•1 Karr, W. G., .1. Lab. CUn. Med., 1924, 9, 329 
(method for determining blood urea nitrogen). 

ABloor, W. H., J. Viol. Chem., 1928, 77, 53 
(method for determining plasma cholesterol). 

oBell, E. T., Am. J. Path., 1938, 14, G91. 


disease and nitrogen retention were observed 
in 17. One animal was not nephritic as 
judged by gross, histologic and biochemical 
evidence; 3 were without renal disease gross- 
ly and the kidneys were not studied histolog- 
ically because of postmortem degeneration. 

Spontaneous glomerulonephritis appears 
rareh' before the age of 8 months in NH 
mice. Of 53 cases in a total of 199 controls 
only 5 appeared before 8 months of age. 
'I'here is no doubt that the glomerular lesions 
were induced by urethane; the effect of 
urethane on the kidney was confined to 
the glomerulus. 

Urethane is a capillary poison.''" In NH 
mice the glomerular capillaries especially 
seem to be susceptible to its effects. The 
drug also induces lung tumor development 
in mice,"’ and most of the animals of this 
e.xperiment developed multiple lung ade- 
nomas. It is likely that the anemia was 
not entirely the result of the renal disease. 
Urethane depresses the myeloid tissues of 
mice,” and, furthermore, the injected ani- 
mals failed to gain in weight to the same 
extent as normal mice. These animals might 
belong in the same category as underfed 
mice, which are characteristically anemic. 

Summary. Urethane induced glomerular 
lesions in NH mice, an inbred strain which 
is susceptible to the spontaneous development 
of glomerulonephritis. Mice with the urethane- 
induced glomerular alterations e.xhibited 
renal insufficiency, albuminuria, edema, and 
dejiressed plasma protein levels. One case 
evidenced hj'percholesterolemia. 

r Krogli, A., and Harrop, G. A., J. Physiol., 1920, 
o4, eXXV. 

sl,:in(]is, E. JI., Am. J. Physiol., 1927, 81, 124. 

9 Boljanski, E., and Eosin, A., Am. J. Path., 
1944, 20, 945. 

10 Nettlcsliip, A., and Henshaw, P. S., J. Nat. 
Cancer Inst., 1943, 4, 309. 

n Bngstrom, R.. Ivirsclibaum, A., and Mixer, 
H. ML, Science, in press. 
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Fig. i. 

Tola! <-<> 5 iroE««rphvrin < r<b«<!5=a / and peKontago III i^onu-r (ordinalo) in 3S eases 

.■>1 anatj'xsj. Tie sii-jded area in :he lower left eomer rejirest-nSs t!ie norma! range. 


also by direct isolatios,*^ from five 2-r-hour 
urine samples, 2 from Case 7, and I each 
from Cases I. 2 and 59 (case numbers refer 
to Fig. 1). 

The results of these isolations are given 
in Table I. in which it is evident that the 
Type III coproporphtTin isomer is clearly 
present in excess. 

One case, which vras not included among 
the above, deserves speda! comment. In this 
instance (L.H.. J. 32), despite a xmlue of 
642 -/ for total urinary- coproporphyrin, the 
isomer analysis revealed but IS^c of Type 
III. This patient dinered from all the oth- 
ers. however, in badng a mild jaundice, and 
in hadng been exposed to 2 cases oi jaundice 
among the members of her own family, about 
one month previously. In addition to jaun- 
dice. she exhibited a tender liver for a short 

*> GriEsit’n. If.. Schwartz, S., and VTatioa. C. J.. 
■f. CM. Cli(n.. I&4.5. I.jT. 223, 


period: abo, evidence of hepatic functional 
•mpairment including urobilinogenuria. posi- 
tive cephalin-cbolesterol flocculation and 
thymol turbidity tests, and abnormal brom- 
sulfalein retention. Tlliile all the latter might 
possibly be regarded as due to toxic injury 
of the liver secondary to poliomyelitb. the 
presence of jaundice, the hbtory of close con- 
tact with infectious jaundice, and the tender 
liver, strongly favored a specific virus 
hepatitb. let there was also evidence sug- 
geiCve of poliomyeiitfe. The neck ile.xion 
sign was strongly positive, there was muscle 
weakness, especially in the deltoids and 
triceps, and the spinal fluid contained 17 
celb per cu mm (100% lymphocytes). .11- 
Aough. as noted above, the majority of the 
increased coproporphjTin was Type I. the 
actual amount of coproporphyrin III in the 
2-z-hour sample, i.c., 117 fe far above the 
normal. Thus, it is evident that both isomers 



74 


COPROPORPHVRINURIA (III) IN AcUTE POLIOMYELITIS 



1 3 5 7 9 II 13 15 17 19 21 23 25 27 29 31 33 35 37 3HH3 ^5 47 -19 51 53 55 5 7 59 6163 

2 4 G 6 1012 M 16 16 202224 26 23 30 32 34 36 33 40 4244 46 45 50 5254 56 58 60 6264 

Case number 

Fio. 1. 

Values for total coproporphyriii in 7 per 24 Iiours, ns (Ictcrinincd 100 times in G4 cases. 


have been sufficiently uniform that there 
can be little doubt about the essential phe- 
nomenon which they represent, whatever its 
significance. The purpose of the present re- 
port is to record these observations. 

In Fig. 1, the results of the total copro- 
porphyrin determinations are shown as car- 
ried out on the 24-hour urine samples. In 
Fig. 2, 51 isomer analyses as carried out 
on 3S cases, have been plotted in terms of 
both total coproporphyrin and percentage of 
the Type III isomer, as compared with the 
normal range (the shaded area in the left 
lower corner of Fig. 2 ) . 

Data have been presented,^” and these will 
be considered in more detail elsewhere, which 
reveal that the normal range of urinary co- 

10 Wat.son, C. J., Proc. Am. Soc. Clin. Invest., 
1946, J. Clin. Invest., in press. 


proporphtTin in adult human beings is from 
20-100 7 per day, of which 8 to 35% is 
the Ty-pe III isomer, the remainder being 
Type I. Comparison of these figures with 
those given above in Fig. 1 and 2 reveal 
the frequency of increase of the total copro- 
porphyrin and of the proportion of the Tyqje 
III isomer which characterize the urine in 
cases of poliomyelitis. 

Since the possibilitj^ e.visted that some pe- 
culiarity of the urine in these cases might 
be affecting the differential precipitation 
technic in such a way that Type I isomer 
was behaving in part like Type III, it was 
clearly necessary to control the observations 
by means of isolation of the crystalline 
coproporphyrin ester and determination of 
its melting point. This has been done from 
the pooled final solutions used for isomer 
analysis, as obtained from 19 urine samples; 
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In Case 7, in which the highest levels 
were noted, the first determination, on the 
9th day of the disease, was 216 y, after 
which it increased to 392 y on the 11th, 
455 y on the 13th, 890 y on the 14th, then 
fell to an almost normal level of 105 on 
the 20th day only to rise again to a 1000 y 
level on the 23rd day, without any marked 
change in the clinical condition of the pa- 
tient. The level then again fell to 146 y 
on the 26th day of the disease with exitus 
on the 30th day after onset. 

In Case 3, determinations were made from 
the 20th to the 44th day of the disease, with 
levels ranging from 195 y on the 20th day 
to a high of 550 y on the 26th day, with 
several subsequent rises and falls and finally 
a decrease to the normal range on the 44 th 
day after onset. This patient went on to a 
good clinical recovery. 

It is thus apparent that the urinary copro- 
porphyrin values have not been of assistance 
in prognosis nor could we correlate them 
with the current clinical status of the patient. 
Insofar as hjqiertension was concerned, there 
was also little, if any, correlation. It tvas 
true that in nearly all cases with elevated 
blood pressure in which porphyrin determin- 
ations were made, increased amounts were 
found. The only 2 exceptions were in preg- 
nant women whose acute attacks were 3-4 
months in the background and w'hose hx'per- 
tension was believ'ed to be on the basis of 
toxemia of pregnancy. There were many in- 
dividuals, however, whose blood pressure was 
normal in spite of markedly increased por- 
phyrin values. If the elevated blood pres- 
sure is “porphyrinopathic” it would have to 
be assumed that constitutional or other fac- 
tors were responsible for the differences en- 
countered. In one instance the blood pres- 
sure and porphyrin values w’ere noted to de- 
crease concomitantly, but in other cases 
marked fluctuations in blood pressure were 
recorded without evident correlation wdth the 
urinary porphyrin values. 

Fever*-’’® and epidemic hepatitis,*®'*® as 
well as ordinary hepatic functional dis- 

12 Watson, C. J., J. din. Iiivcxl., 1930, lo, 337. 

i3Doliriner, K., J. Biol. Chcm., 1930, 113, 1. 


turbances, ivhether parenchymal or mechan- 
ical in tjTie,*®'*® have been shown to be as- 
sociated with an increase of the Tjqie I copro- 
porphyrin isomer in the urine. Until now, 
infectious disease has not been, found to cause 
an increased excretion of coproporphyrin III. 
It is of much interest in this connection that 
■the increase in cases of infectious hepatitis 
is regular^ due to the Type I isomer,*" yet 
the virus of this disease is similar in some 
respects to the virus of poliomyelitis, both 
being relatively resistant and both being 
found in the gastrointestinal tract. Thus, it 
would appear logical to seek for an explana- 
tion of the difference in porphyrin excretion 
in the 2 diseases in the effect on the or- 
ganism of the neurotropic as versus the 
hepatotropic nature of the respective viruses. 
The possibility must be considered that the 
excessive coproporphyrin III excretion ob- 
served in the present cases of poliomyelitis 
is in some way related to a disturbance of 
the coproporphyrin of the central nerx'ous 
system. Another possibility is that it is de- 
rived from myohemoglobin, as a result of 
the disturbance in muscle physiology. This 
appears unlikely in view of the fact that 
marked increases have been noted in cases 
of relatively pure bulbar U^pe with little or 
no muscle paralysis, also in early cases prior 
to any demonstrable muscle w’eakness. 

Inspection of the isomer data shown in 
Fig. 2 reveals that w'hile coproporphyrin HI 
is clearly preponderant there is also, in many 
instances, a distinct increase of the Type I 
isomer. The simultaneous occurrence of 
marked urobilinogenuria in a number of these 
cases suggests that the increase in copro- 
porphyrin I may be due to hepatic functional 
impairment. 

Further studies are in progress with re- 
spect to the significance of these obseiw'a- 
tions. The increased excretion of copropor- 
phyrin III establishes a biochemical differ- 
ence between 2 specific virus diseases, i.c., 
poliomyelitis and infectious hepatitis. It is 
desirable to ascertain w'hether other neuro- 
tropic virus affections are similarly charac- 
terized, and whether virus diseases of dis- 
similar type, such as atypical pneumonia or 
psittacosis, if they' e.xhibit any' increases in 
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were increased, a finding which is fully com- 
patible with the belief that the patient had 
both diseases simultaneously. 

Discussion. The data thus far obtained 
do not indicate the e.vistence, in poliom 3 'eiitis, 
of a correlation of the degree of increase of 
■the urinary' coproporphyrin with severity of 
the disease, prognosis as to death or recov- 
ery, or extent of residual paralysis; or as to 
type of disease, whether bulbar, spinal res- 
piratory, or mi.\ed. Nevertheless, in the 10 
fatal cases which have been studied, all the 
determinations of the total coproporphj’rin 
and the percentage of Tjpe III isomer were 
significantly, and as a rule markedh’, ele- 
vated regardless of the stage of the disease. 
In a number of instances, high values have 
been encountered for many days and in some 
cases for a number of weeks bej'ond the 
febrile period, likewise in some cases who 
have had a relativeh' mild attack and are 
now recovering. The majority of the values 
below 100 y per 24 hours, as noted in Fig. 1, 
were obtained during the convalescent pe- 
riod. I^^ith reference to Fig. 1, it may also 
be noted that the levels of coproporphjTin 
e.vcretion in an individual patient have often 
shown wide variation. 

For e.vample, in Case 1, the first determin- 
ation made on the 4th day of the disease 
was 186 y after which it fell to 125 y and 
154 y on the 6lh and 8th days after onset, 
then rose to 306 y on the 9th day only to 
fall again to appro.ximately 150 y for 3 days, 
with a further rise to 400 y from the 13th 
to 16th days after onset. On the 19th day 
the value was 264 y and this was followed 
b}^ a rise to the highest level of 505 y on 
the 21st day. The last value obtained was 
441 y on the 24th day, death ensuing on 
the 27 th day. 

By contrast, in Case 2, the highest levels 
were obtained on the 3rd through the 9th 
days of the disease with a progressive fall 
through the 16th day of the disease to a level 
of 120 y, death ensuing on the 19th day 
after onset. 

n Fischer, H., and Oi tli, H., Die Ciiemie tics 
Pi/rroh, Bd. II, 1 Hiitfte, Akad. Verlag.sgosellscli. 
Leipzig, 1937. 
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TABIJE I. 

Analysis of Fetal and Maternal Fluids. 

Fetal fluids Maternal fluids 


Tests 

Xo. of 
observa- 
tions 

Quantities 

and 

ratios 

Xo. of 
observ.a- 
tions 

Quantities 

and 

ratios 

Amt of urine in indiyidual bl.ndders (ce) 

50 

0.05-0.1" 

30 

(1.0-1.5) 


(1.013-1.01S)t 


(1.026-1.030) 

Specific gr.nvity of urijie 

0 

1.015? 

4 

1.029 


(11.7-23.0) 


(12.1-19.0) 

Blood urea N (ing/100 cc) 

9 

10.73 

10 

15.9 


(G1-3S4) 


(454-550) 

Urine urea X (nig/100 cc) 

S 

195.0 

3 

497.0 


(3.G-23.0) 


(29.0-35.0) 

Ratio urine urca/blood ure.a 

S 

11.7 

3 

31.0 



(0.7-1.2) 



Blood creatinine (mgyiOO cc) 

3 

1.0 



Urine creatinine (nig/lOO cc) 

1 

42.0 



Ratio urine creatininc/blood cre.atiiiine 

1 

42.0 



Urine chlorides, as XaCl (ing/100 cc) 

O 

17S.0 

o 

265.0 

Apparent glucose in urine (uig/100 cc) 

5 

40-50 

7 

50-60 


* In the males. (In females tlic Madder was usually empty since the norm.al hypospadias 
militates against blocking the urinary outlet by ligating flie.^urinary papilla.) 
t Range, 
t Average. 


methods; blood urea — incubation of blood 
with equal amount of urease suspension and 
determination of ammonia by nesslerization 
on Folin-Wu filtrate thereof;'* urine urea — 
determination of ammonia by nesslerization 
before and after incubation with urease,-* 
creatinine in blood;'' creatinine in urine;® 
chlorides in urine;' specific gravity;® reduc- 
ing substances in urine — Benedict's qualita- 
tive reagent with raw urine, the degree of 
reduction being gauged against known stand- 
ards of glucose. 

The suitability of these micro-modifica- 
tions was established by work with pure 
solutions and by duplicate recoveries from 
the urine and blood of known small added 
amounts of the substances in question. 

Table I gives the principal data obtained. 
That the fetal kidneys are functioning as 
such and not merely producing a transudate 

Peters. J. P., .ind Van .Slyke, D. D., Qitanliia- 
iirc Clinical Chemistry, Willi.-nns .and tVilkins, 
B.'iltimore, 1932, Tol. 2, vii -f 957 p]). 

3Folin, 0., .and Wu. H., J. Biol. Chem., 1939, 
38, 81. 

« Polin, O., J. Biol. Chem., 1914. 17, 409. 

7 Sclmlcs, 0., and Sclmlcs, S. S., J. Biol. Chem., 
1941, 140, ST9. 

s Barbour, H. G., .and H.-imilton, IV. F., J. Biol. 
Chem., 1926, 69, 625. 


is shown by the abilit}’' of the kidney to 
concentrate certain materials and to reab- 
sorb others. 

Since the specific gravity of ultrafiltrates 
of mammalian plasma is approximately 
. 1.010, the average specific gravity of I.OIS 
for the fluid from the fetal bladder indicates 
that overall concentration has occurred. 
• Otherwise stated, this is evidence of active 
reabsorption of water. If the principle of 
Longs coefficient is applied, the indication 
is that there has been in the urine a 50% 
increase in total solids over that of the 
glomerular filtrate. 

The approximately 12-fold concentration 
of urea is distinctly less than the 31-fold 
concentration occurring simultaneously in 
the mother. However, when it is recalled 
that the placenta is functioning as an e.x- 
cretorj’ organ, definite evidence is provided 
that the fetal kidney is alreadi' assuming a 
postnatal role. In this connection, it may 
be pointed out that the average blood urea 
nitrogen (b.u.n.) of the fetuses was 0.83 mg% 
lower than that of their mothers. Had the 
b.u.n. of the fetus been higher than that 
of the mother, it might have been taken as 
evidence of beginning separation of the 
placenta and such elevation of the fetal b.u.n. 
might have been considered as a possible 
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urinary porphyrin at all, are, like infectious 
hepatitis, characterized by an increase of 
the Tj-pe I isomer. 

Sjnnmary and Concliisio?!. A considera- 
ble e.vcess in the e.vcretion of coproporphjTin 
III has been commonly noted in a series of 
urine samples from cases of acute polio- 
nn'elitis. The total urinary coproporphvrin 


is usually in the range of 100-500 y per 24- 
hour sample, with from 50-90% of Type III 
Isomer, as compared with 20-100 y and 
S-35%, normally. This abnormal e.vcretion 
is contrasted with the marked increase of 
Type I isomer previously found to charac- 
terize the urine in cases of infectious 
hepatitis. 
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Experimental Evidence of the Secretion of Urine by the Fetal Kidney. 

Harriet Daly, L. J. Wells, and Gerald Evans. 

(With the assistance of Dorothy N. Highby.) 

I'rnm the Vrpnrlmrjit of Jnotomp and the Jlospitn! Lrihoraloric.i, l/mvcr«it;i of Minnesota 

Srhool of Medicine, Minneapolis. 


In the fetal rat, ligation of the ureter 
causes hydronephrosis and ligation of the 
urogenital papilla causes filling of the blad- 
der.’ The rate of formation of fluid by the 
fetal kidney is surprisingly rapid and it may^ 
be accelerated c.xperimentalh' by' ligating the 
renal pedicles of the mother or by injecting 
a highly concentrated solution of urea under 
the skin of the fetus." 

The present study which grew out of the 
e.xperimenls noted above, has been designed 
to determine whether this fluid is actually 
urine or merely a transudate of the fetal 
blood. In order to attain this objective, we 
have studied the blood and contents of the 
bladder of the fetus and also those of the 
mother. 

The material for analysis was collected in 
the Department of .Anatomy' from rats in 
which the pregnancies were dated from the 
moment of observ'ation of coitus. On the 
21st day of pregnancy (20 day's and 
17 hours ± 2 hours), the mother was anes- 
thetized with ether and her abdomen was 
opened surgically. Each fetus of a litter was 
transferred to the abdominal cavity of the 

Aided by grants from tlic Jolm and Alary H. 
M.'irkle Foundation and from tlio medical researcli 
funds of tlio Graduate Seliool. 

.1 Wells, Ij. J., ^tnat. ftec., 1940, 94, 504. 
swells, Ii. J., Pkoo. Sog. Exp. Biol, and Med., 

194G, «3, 2S7. 


mother'’ and its urogenital papilla was ligated 
by' means of an u waveled strand of surgical 
silk. Then the abdominal incision of the 
mother was closed by suturing and the an- 
esthesia was discontinued. On the 22nd day 
of pregnancy and about 2 hours before au- 
topsy, the urinary' papilla of the mother was 
ligated by means of braided silk (Champion 
Xo. 6). A few hours before the estimated 
time for normal parturition, the mother and 
her fetuses were killed by decapitation 
(killed at about 21)4 days after coitus). 
Blood emerging during decapitation was al- 
lowed to drop into small vials which previ- 
ously had been moistened with heparin solu- 
tion. The maternal urine was secured by 
puncturing the bladder with a hy'podermic 
needle (gauge 27) attached to a 10 cc syr- 
inge. 'Fhe fetal urine was obtained by 
puncturing the bladder with a micro-pipette 
prepared from glass tubing and equipped 
with a small rubber bulb (a “policeman,” 
commonly used in chemical laboratories). i 
By pooling the samples from the fetuses of 
one mother or, more rarely, from those of 
several mothers, it was possible to obtain 
sufficient material for the analyses. 

The chemical methods employed were 
micro-modifications of Uie following standard 

3 Wells, L. J., Anat. Rcc., 1046, ~04, 530. 
f 'Tlic pipettes were preparetl by Dr. J. Francis 
IIartm.ann. 
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Role of Hemoconcentration in Production of Gastric and Duodenal Ulcer 
Following Experimental Burns."^ 

Stanley R. Friesen and Owen H. Wangensteen. 

From the Vrinirlmnif of SiirfirriK Viiivcrsi1)i of Minnesota Medical School, Minneapoiis, Minn. 


The occurrence of hemoconcentration fol- 
lowing extensive burns in man, first noted by 
Baraduc,' is well known. Hemoconcentration 
was suggested by Kapsinow as the mechanism 
of the production of Curling’s Ulcer.- The 
role of sepsis in the mechanism of the occur- 
rence of gastric and/or duodenal ulceration 
following e.xperimental burns has been studied 
by Hartman.^ 

The purpose of this study is ( 1 ) to evaluate 
the role of hemoconcentration in the produc- 
tion of ulceration of the gastro-intestinal tract 
following burns, and (2) to correlate the inci- 
dence of hemoconcentration to the incidence 
of ulceration in dogs subjected to extensive 
superficial burns, with and without accom- 
panying administration of histamine-in- 
beeswax mixture, with and without treatment 
directed to the prevention of hemoconcen- 
tration. 

When daily intra-muscular injections of 
histamine-in-beeswax mixture are given to 
normal dogs, 40 daj'S (or an average of 23 
days) are necessary to produce ulcer with 
regularity.'* 

Method. Healthy dogs, weighing 15 to 36 
pounds, anesthetized by intravenous injection 
of sodium pentobarbital (15 mg per pound), 
were subjected to 40%, third degree burns 
by immersion into water at lOO^C for 10 to 15 
seconds. No evidence of pain or discomfort 
to the animal was noted. The hair was closely 
clipped prior to scalding. Blood studies were 

* This stiiily is supported in port by the Dr. and 
Mrs. Harry B. Ziminernian Fund for Surgical 
Besearch and the Graduate Fchoid of the Fniver-sity 
of Mimresota, Minneapolis, Minn. 

1 Harkins, H, X., The J'rratmeni of Sums, 
tipnngfleld, Illinois, Charles C. Thomas, pnVdisher, 
1942. 

2 Kapsinow, R., Southern Med. J., 1934, 27, 500. 

a Hartman, F. W., Gastrocntcrnlooii, 1940, O, 130. 

r Hay, L. .1,, Yarco, R. L., Code, C. F., and Wan- 
gensteen, O. If., Snrii., Gi/ii. mid Olist., 1942, 75, 
170. 


carried out on all dogs, 3 determinations before 
the burn for the average of normal values, and 
serial determinations after the burn. The 
following determinations were made: Hemo- 
globin (alkaline hematin method). Hematocrit 
(Wintrobe method). Erythrocyte Count, 
Specific Gravity of whole blood and plasma 
(copper sulfate method of Phillips, Van Slyke, 
ct al.), BUN (Karr's urea nitrogen method), 
Plasma and Blood Volumes (Gibson and 
Evan’s method), and Rectal Temperatures. 
Blood for these determinations was obtained 
under oil from the femoral vein before the 
burn and from the heart following the burn. 
.-\ number of the dogs received, in addition, 
daily intramuscular injections of histamine- 
in-beeswax mixture (30 mg base) prepared 
after the method of Code and Varco,'”’ the first 
injection being given 30 minutes prior to the 
burn. No restriction of food intake was made, 
except that dogs were fasted for 18 hours 
before 'each experiment. Water intake was 
allowed up to 250 cc per day in all dogs. In 
some of the animals an attempt was made to 
prevent the hemoconcentration following 
burns by slow intravenous administration of 
human dried plasma into an antecubital vein, 
regulation of the rate of drip being determined 
by serial blood studies. Blood pressure deter- 
minations were made in 3 dogs by serial or 
continuous recordings on a kymograph, the 
carotid artery being cannulated. Dogs were 
sacrificed 4 hours to 6 days following the burn. 
Animals in Series II were sacrificed when 
death was impending or allowed to die. Sec- 
tions of the stomach, duodenum, liver, lung, 
brain, kidney, and adrenals were obtained for 
microscopic studies. 

Experiments. Studies were carried out on 
30 dogs in 3 series of e.xperiments: 

Series I. Fourteen dogs were subjected to 
40%, third degree burns accompanied by 

•--Code. C. F., Jiml V.^reo, R. L., Am. .T. PhvsioJ., 
1942, 137, 225. 
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stimulus to the feta! kidney. However, a 
definite elevation of fetal over maternal 
b.u.n. was obser\'ed in only one of 8 ob- 
servations (10.6 wgfc). 

Because of the known back diffusion of 
urea through the tubules a more active clear- 
ance of creatinine than of urea might be e.x- 
pected. This proved to be the case. 

In addition to these evidences of selective 
concentration there are the evidences of se- 
lective resorption. The e.xact amount of 
glucose in the urine was not determinable. 
However the reducing power of the fetal 
urine was less than that of the correspond- 
ing maternal urine. (.After yeast fermenta- 
tion, reducing substances were no longer 
detectable in either urine by the method em- 
ployed). In the light of the concentration 
of other substances, it can be safely con- 
cluded that active resorption of glucose oc- 
curred. In this connection it is of interest 
that histochemical stains show alkaline phos- 
phatase! to be already clearly demonstrable 
in the proximal portion of the secretory 
tubules of these fetal kidne 3 ’s,® 

The resorption of chloride is shown to be 
more active in the fetus than in the mother. 

In further consideration of our obseix'a- 
tions, the survival of fetal rats taken b\' 
Caesarian section indicates that the kidne 3 's 
are able to function before term,® ns in 
premature infants. But it is a different 
problem as to whether they actually function 
during the period when the placental cir- 
culation is still intact. The conditions of 
our experiments were such that the urine we 
obtained from the bladder of the fetus must 
have been produced e.xclusiveh' during this 
period. This suggests that feta! urine is the 

{ III fetuses ill ivliicli liy(liiiiie[ilii(i»is is ]>ro<IueciI 
I'xjiciiiiientiill.v liy lijlitiiig tile iireler, the jilios- 
ptiatasD in tlicir kiilneys is lieiiiK studied liy Iiisio- 
elieiiiieal and mieiofliemiea! methods. 

11 Well.s, h. J., uiiiiuiilislied oliseivatinns. 

HI Wells, L. .T,, and Bell, E. T., Aye!i. Path., 
1946, 42, 274. 

ilDohni, Monatschr. f. Kimlcrhcill-iindc, ISSl, 
2,98. 

le Makeiieace, A. W., Fi emont-Smith, P., Dailey, 

Jt. E., and Carroll, M. P., Surg., Gyiicc. and Obstet., 
1931, 53, 635. 


fluid which distends the urinary' passages 
of stillborn infants with h 3 'dronephrosis.''''” 
Makepeace and collaborators'® and Jacque'^ 
have analyzed fluid from the bladder of 
fetuses. .Although these investigators failed 
to make it clear that all of the fluid they 
anahrzed was actually produced before the 
placental circulation had been interrupted, 
their papers have internal evidence that this 
was the case. 

Our observ'ations indicate that in fetal 
rats the urine is more or less dilute. To 
this extent, our findings are in complete ac- 
cord witi) those of other inv’estigators.'®-'^ 
That the fetal urine is actually dilute might 
be e.xpected in view of the fact that the kid- 
ney’s of infants are not as effective as those 
of adults.” 

It is perfectly clear that the work per- 
formed bv the fetal kidney' is not essential 
for the survival of the fetus and that the 
placenta (hemochorial) is the essential e.x- 
crelory organ until birth. Recently' Potter'® 
has reported a series of 20 infants with 
bilateral agenesis of the kidney’.? 

Finally', the question arises as to whether 
the production of urine by the human fetus 
is a factor in such clinical disorders as 
hy'dramnios. An e.xperimental, approach to 
this problem, using the rat, is in progress 
at the University of Minnesota. 

Siivwinry. The bladders of fetal rats were 
allowed to fill after the urogenital papilla 
had been ligated. The contents of the blad- 
der and the blood of the fetus were analy’zed, 
as were also those of the mother. The ob- 
servations indicate that the fetal kidney 
produces urine which is somewhat dilute. 


JS.Tacqiie, L., Arrh. Internal. Physiol., 1906, 
3, 463. 

Jr Young, W. F., JtcC.ince, Tt. A., ■•iml Dobbs, E., 
Pine. Poy. Hoc. Med.. 1943, .30, 219. 

I.-' Potter, E. L., .T. PcdUit., 1940, 29, OS. 

} In such iioii-iil.'iceiit.'il forms .ns cbiek embryos 
tlie nitrogenous wastes are elimiii.Tte(l by tbe 
nicsoiicpliros and deposited in the allantois.lG.w 
During tbe first 10 days of incubation, the allantois 
is the only ‘‘urinary bladder. ”w 

IS Boyden, B. A., ,T. Exp. Zool., 1924, 40, 437. 
irpiske, C. H., rmd Boyden, E. A., J. Biol. 
Chem., 1920, VO, 535. 
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histamme-in-beeswax administration. Blood 
determinations were carried out in all animals. 

Series II. Five dogs were subjected to 40^. 
third degree burns alone, blood determinations 
being carried out in all dogs. 

Series III. Six dogs were subjected to 405c, 
third degree burns accompanied by histamine- 
in-beeswax administration, and attempts to 
prevent the hemoconcentration were carried 
out by intravenous infusion of plasma. One 
dog (Xo. 41) received, in addition, glu- 
cose in normal saline, and another dog (Xo. 
49) received glucose in nomral saline 
alone. -4s an additional control, one dog 
(Xo. 48), not subjected to a burn, received 
histamine-in'beeswa.v, was anesthetized, and 
received a comparable amount of plasma bj" 
intravenous infusion. Four additional dogs 
received daily intramuscular injections of 
histamine-in-beeswax for 5 successive days, 
and were sacrificed at the end of this period. 

Results. Series I. (See Table I), Twelve 
of the 14 dogs subjected to 405c burns accom- 
panied by histamine administration developed 
increased concentration of the blood. .411 12 
' dogs demonstrated marked congestion of the 
mucous membrane of the stomach and 
duodenum. Xine of these 12 dogs were sacri- 
ficed 24 hours or more after the burn and 
showed definitive ulcers, 5 bleeding and 2 
perforated. Three of the 12 dogs were sacri- 
ficed at 4. 6. and IS hours after the burn, the 
latter showing in addition to the congestion, 
marked diffuse bleeding from the surface of 
the gastric and duodenal mucosa. The 2 dogs 
which failed to develop increased concentration 
of the blood demonstrated no gastric or 
duodenal pathology in one and 4 days. 

Series II. (See Table II). Four of the 
5 dogs subjected to 40^^ burns without ad- 
ministration of histamine-in-beeswax devel- 
oped increased concentration of the blood 
and demonstrated congestion of the gastro- 
intestinal mucosa in 2 to 6 days. Two of 
these dogs showed, in addition to congestion, 
bleeding petechial gastric ulcers, and antral 
bleeding points with hemorrhagic gastritis 
and duodenitis. One dog failed to develop 
increased concentration of the blood and 
demonstrated no gastric or duodenal path- 
olog}- in 4 days. 
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tration and mucosal pathologi' folloiving the 
burns may be attributable to the fact that 
those animals received a 40% IChsecond 
burn, a less severe burn than the majority 
of the animals in this study received. Serial 
blood pressure determinations were made in 
3 burned dogs, continuously anesthetized, 
■trhich developed hemoconcentration, and no 
readings of shock level were observed. Ani- 
mals were usually awake and moving about 
after 4 hours following the burn. 

It is interesting to note that superficial 
necrosis of the gastric mucosa was present 
upon microscopic e-xamination in 2 dogs, both 
sacrificed, one after marked hemodilution 
due to overtreatment, the other after marked 
hemoconcentration and congestion of the 
mucosa, ilicroscopically, the vascular spaces 
of the mucosa of the overtreated animal were 
conspicuously de\-oid of blood, while those 
of the untreated animal were markedly dilat- 
ed and engorged with blood with extravasa- 


tion and necrosis. Both conditions result in 
mucosal ischemia, susceptible to the erosive 
action of gastric acid-peptic secretions. 

Conclusions. Eridence is presented to 
show that increased concentration of the’ 
blood following bums is an important factor 
in the occurrence of gastro-duodenal ulcer 
after e.xperimental burns. (The occurrence 
of gastro-intestinal congestion, erosion and/or 
ulcer in bums is directh' related to the oc- 
currence of hemoconcentration). 

^Moreover, gastro-intestinal abnormalitj' 
following bums, even when accompanied by 
histamine administration, may be prevented 
by avoidance of the hemoconcentration of 
bums by proper therapy. 

The incidence of gastric and/or duodenal 
ulceration provoked by hemoconcentration in 
bums is markedly increased when histamine- 
in-beeswa.x administration accompanies the 
bum. 
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Osborne and MendeP in 1917 noted that 
rats fed raw soy bean flour grew more slowly 
than a control group which received the same 
flour after it had been autoclaved. Hay- 
ward. Steenbock and Bohstedt- confirmed 
these investigations and suggested that this 
effect was not due to a difference in palata- 

1 Osborne. T. B.. .nnd Jfendel. B. B.. J. Siol. 
Chan., 1917. 32. 3C9. 

- Itn vrrard. .1. W., .Steenbock, H.. and Bohstedt. 
G.. .r. Xuirition. 1936. II, 219. 

2 HavK-ard. ,T. W., and Ilafner. F. H., Poultry 
.Seif her, 1941. 20. 139. 

A .Alnif^nist. H. .T., Mecchi. E.. Kr-atzer, F. n.. and 
Gron. C. B.. J. Xuirition, 1936, C3, 277. 

Johnson, T. 31 ., Parsons. IT. T., and .Steeiiboch. 
n.. -T. .Vnfrition, 1.939, 18, 423. 


bility but to a deficiency in the raw flour. 
Later investigations by Ha^-ward and Hal- 
ner," .Almquist. ilecchi, Kratzer and Grau* 
and Johnson, Parsons. Steenboch'’ suggested 
that this increase in biological activity pro- 
duced by autoclaving raw soi- bean flour was 
due to a rise in the level or increase in the 
availability of sulfur bearing amino acids. 

That the autoclaved so.v bean protein has 
a high biological value similar to egg white 
and liver protein has been shown by Cahill, 
Schroeder and SmitlC- from a study of ni- 


r- Cahill. 'W. 31.. Gchroedcr, L. .1.. .and Smith. 
A. H., Xutrition. 1944. 28. 209. 

7 3rcXaught. J. B.. Scott. V. C- Woods. F. 3X.. 
and Whipple. G. H., .1. Fj-p. lied., 1936. 6.3. 277. 
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Series III. (See Table III). Of the 6 
dogs subjected to 40% burns accompanied 
by histamine-in-beeswax administration in 
which an attempt at prevention of the hemo- 
concentration in burns was made, 3 dogs were 
well controlled throughout the entire dura- 
tion of the experiment; 2 dogs, partial! 3 ' con- 
trolled; and one dog, overtreated. The 3 
dogs in which blood concentration values 
were maintained at normal levels demon- 
strated no gastric or duodenal pathologj' 
when sacrificed in 18 to 24 hours. The 2 
dogs in which normal blood concentration 
values were maintained e.vcept for a period 
of 18 hours out of a total duration of 54 
hours, demonstrated gastro-intestinal conges- 
tion, with lesser curvature ulcers and per- 
forated duodenal ulcer, respectively. One 
dog was overtreated in the first few hours 
of the e.vperiment so that marked hemodilu- 
tion occurred. Death occurred in this ani- 
mal in 16 hours, presenting pallor of the 
stomach with several areas of mucosal and 
submucosal hemorrhage and erosions. 

Microscopic examination of the viscera of 
the animals de\’eIoping hemoconcentration 
showed marked vascular congestion; of the 
animals in which hemoconcentration did not 
take place or was prevented, no significant 
findings were noted. 

Four doss receiving daiU' intramuscular in- 
jections of histamine-in-beeswax for 5 daj'S 
developed no hemoconcentration and no gas- 
tro-intestinal abnormality. 

Discussion. It is apparent that there ex- 
ists a close correlation between increased con- 
centration of the blood and gastro-intestinal 
abnormalit}’’ following burns. That hemo- 
concentration, with its resultant congestion, 
renders the gastro-duodenal mucosa more 
susceptible to the action of gastric acid-peptic 
juice is evident in the marked increase in the 
incidence of ulceration when histamine-in- 
beeswax administration accompanies the burn. 

It is shown, in addition, that preventioir of 
the occurrence of hemoconcentration follow- 
ing severe burns portends a normal gastro- 
intestinal tract, even when histamine-in-bees- 
wax is administered and animals are sacri- 
ficed in less than 5 days. Failure of 3 dogs 
in Series I and II to develop hemoconcen- 
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of an aqueous extract of raw soy bean. This 
was also shown by Kunitz^- who later iso- 
lated this trjqisin inhibitor in crystalline 
iorm.^" 

Tagnon and Soulier^^ have shown that 
this trj-psin inhibitor acts in vitro as an anti- 
coagulant of whole blood and plasma, sug- 
gesting that it may also inhibit the plasma 
enzyme associated with blood coagulation. 

In view of the current widespread use of 
soy bean flour as a human food, and because 
of the observations made in animals, the in- 
vestigations reported here were undertaken 
to compare the utilization of raw and auto- 
claved soy bean flour in humans. 

Methods and Materials. Two cooperative, 
well nourished patients, one with a diagnosis 
of mild osteoarthritis; the other a hemo- 
philiac without hemorrhagic manifestations, 
were chosen as subjects. Both patients were 
allowed unrestricted activity about the ward 
and their caloric requirements were estimated 
at 2500 calories. The basic diet was, there- 
fore, planned to afford 2500 calories daily 
and provided a low protein intake of 25 g 
from mixed sources, about 75^ of which 
was of vegetable origin, .^fter an initial con- 
trol period of 8 daj's, during which the sub- 
jects received only the basic diet. 188 g of 
raw soy bean flour containing 75 g of pro- 
tein was substituted for an equal caloric 
value of carboht'drate in the basic diet. The 
soy bean flour was given as a liquid supple- 
ment dissolved in water to a volume of one 
liter, .\fter this 9-day period on raw soy 
bean flour the subjects returned to the basic 
diet for 6 days. This was followed by an- 
other 9-day trial period during which the 
subjects received 188 g of soy bean flour 
previously autoclaved for one hour at 15 lb 
pressure. 

Xitrogen balance and bod\’ weights were 
followed tliroughout the stud}' period. 

Urine nitrogen determinations were done 
by micro-Kjeldahl method on aliquot of 24- 
hour specimens, and stool nitrogens were de- 

'r Tiignon, H. .T., and Soulier, J. P.. Proc. Soc. 
Ekv. Cion, .vxn Men.. lOtO, Gt, 4t0. 


termined by macro-Kjeldahl method on 3- 
day pooled specimens. 

Results. • Fig. 1 and 2 show the caloric 
intake and nitrogen balances of these 2 pa- 
tients. The average daily nitrogen reten- 
tion of patient J.B. was 6.7 g on raw soy 
bean flour and 8.5 g on the autoclaved ma- 
terial. Patient R.W. showed similar results 
with an average daily nitrogen retention for 
the first period of 4.1 g and for the second 
period of 5.4 g. In each of these subjects 
the nitrogen retention is about 20% greater 
when the autoclaved material is used instead 
of the raw material. Increase in stool ni- 
trogen does not account for this difference 
as subject J.B. showed an average daily 
stool nitrogen of 1.3 g during the first period 
and 1.1 g during the second period, while 
subject R.IY. showed 1.6 g in the first period 
and l.S g in the second period. There was 
no significant change in body weight in either 
patient. 

The so.v- bean supplements were not dis- 
agreeable in taste. Both patients complained 
of flatulence during botli of the trial periods. 
There were no other gastro-intestinal symp- 
toms. 

Discussion. Both the raw and autoclaved 
soy bean protein support positive nitrogen 
balance in adult humans. Retention of ni- 
trogen is about 20% greater during the ad- 
ministration of the autoclaved material than 
with the raw material. The cause of this 
greater biological activity is not dear from 
these investigations. There is no increase in 
excretion of nitrogen in the stool following 
intake of raw material, suggesting that in- 
testinal protein digestion has progressed far 
enough to produce absorbable nitrogen prod- 
ucts. Y'hether all these products absorbed 
from nonautoclaved soy bean flour are capa- 
ble of entering the metabolic pool requires 
further study. 

Conclusions. 1. Both raw and autoclaved 
SO}- bean protein support positive nitrogen 
balance in the adult human. 2. Nitrogen 
retention is about 20% greater with the auto- 
claved material than with the raw material. 
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trogen balance in humans and by MeXaught, 
Scott, Woods and Whipple" from a study 
of plasma protein regeneration in dogs. 

Recently another e.xplanation has been of- 
fered for the apparent lower biological ac- 
tivity of raw soy bean protein. Ham and 
Sandstedt® isolated a trjTDsin-inhibiting sub- 
stance from the unheated soy bean flour 
which they felt was identical with its growth- 
retarding action. In later studies. Ham, 
Sandstedt and Mussehl® showed that this 

8 Hnni, W. E., and .Saud.stodt, Tt. M., ,7. Biol. 
Chem., 1944, 154, 505. 

oHam IV. E., Sandstedt, R. M., and llusscld, 
F. E., J. Siol. Chem., 1945, 101, 035. 


trypsin-inhibiting substance isolated from soy 
bean flour had a retarding effect upon the. 
normal growth of chicks; and. by in vitro 
test they showed that the proteolytic acti\aty 
in the small intestine of the chick was great- 
ly inhibited. Similar results were obtained 
lit' Klose, Hill and Fevold’® in growing rats. 

Bowman** demonstrated the inhibition of 
the tryptic digestion of casein b,v a fraction 

10 KIosc. A. A., Hill, B., and Fcvold, H. L., Pnor. 
Soc. Exp. Bion. and Med., 1940, 02, 10. 

11 Bowman. D. E., Paoc. Soc. Exp. Biol. .\nd 
Med.. 1944, 57, 139. 

leKunitz, 51., Science, 1945, 101, 008. 

13 Kiinitz, 51., .7. Gen. Plnjsiol., 1940, 20. 149. 








UxmzAxiox or Sor Bea>: ProxrEv 


ST 


of an aqueous extract of raw say bean. 
was also shown by Kumtz*- who later iso- 
iated this tripsin inhibitor in cipstalline 
form.-^ 

Tapion and Soulier‘S have shown that 
this tripsin inhibitor acts h: v:tro as an anti- 
coagulant of whole blood and plasma, sug- 
gesting that it may also inhibit the plasma 
enzj-me associated with blood coagulation. 

In liew of the current widespread use of 
soy bean flour as a human food, and because 
of the obserrations made in animals, the in- 
vestigations reported here were undertaken 
to compare the utilization of raw and auto- 
claved soy bean flour in humans. 

JIc^l■ods end Me’crials. Two cooperative, 
well nourished patients, one with a diagnosis 
0 ! mild osteoarthritis: the other a hemo- 
philiac without hemorrhagic maniiestations. 
were chosen as subjects. Both patients were 
allowed unrestricted activity about the ward 
and their caloric reqairenter.ts were estintated 
at 250D calories. The basic diet was. there- 
fore. planned to afford 250D calories daily 
ar.d provided a low protein intake of 25 g 
from mixed sources, about 75fi of which 
was of vegetable origin. .\uer an initial con- 
trol period of S days, during which the sub- 
jects received only the basic diet. ISS g of 
raw soy bean flour containing 75 2 of pro- 
tein was substituted for an equal caloric 
value of carbohydrate in the basic diet. The 
soy bean flour was given as a liquid supple- 
ment dissolved in water to a volume of one 
liter, .\fter this 9-day period on raw soy 
bean flour the subjects returned to the basic 
diet for 6 days. This was followed by an- 
other 9-day trial period during which the 
subjects received ISS g of soy bean flou.' 
previously autoclaved for one hour at 15 lb 
pressure. 

Xitrogen balance and bodt- weights were 
followed throughout the study period. 

trine nitrogen determinations were done 
fay micro-Kjeldahl method on aliquot of 24- 
bour specimens, and stool nitrogens were de- 

■*T:.gnon. H. J.. .'ijifi SoDlier. .1. P.. Pnoc. Soc. 
Exe. Bwl. .vsn Msti.. IS'ti'.. Gt, 44". 


terxnined by tnacro-Kjeldahl method on 5- 
dat' pooled specimens. 

Resiilfs. ■ Fig. 1 and 2 show the caloric 
intake and nitrogen balances of these 2 pa- 
tients, The average daily nitrogen reten- 
tion of patient J.B. was 6.7 g on raw sot* 
bean flour and S.5 g on the autoclaved ma- 
terial. Patient R.W. showed similar results 
with an average daflt' nitrogen retention for 
the first period of 4.1 g and for the second 
period of 5.4 g. In each of these subjects 
the nitrogen retention is about 20fc greater 
when the autodaved material is used instead 
of the raw material. Increase in stool ni- 
trogen does not account for this diuerence 
as subject J.B. showed an average daQy 
stool nitrogen of 1.5 g during the first period 
and 1.1 g during the second period, while 
subject R.W. showed 1.6 g in the first period 
ar.d 1.S g in the second period. There was 
r.o significant change in body weight in either 
patient. 

The soy- bean supplements were not dis- 
agreeable in taste. Both patients complained 
of flatulence during both of the trial periods. 
There were no other gastro-intestinal sjunp- 
toms. 

Disaisssan. Both the raw and autodaved 
soy bean protein support positive nitrogen 
balance in adult humans. Retention of ni- 
trogen is about 20^ greater during the ad- 
ministration oi the autodaved material than 
with the raw material. The cause of this 
greater biological activity is not clear from 
these investigations. There is no increase in 
e.vcretion of nitrogen in the stool following 
intake of raw material, suggesting that in- 
testinal protein digestion has progressed far 
enough to produce absorbable nitrogen prod- 
ucts. Whether all these products absorbed 
from nonautodaved soy bean flour are capa- 
ble of entering the metabolic pool requires 
further study. 

Conchtsions. 1 . Both raw and autodaved 
soy bean protein support positive nitrogen 
balance in the adult human. 2. Xitrosen 
retention is about 20^c greater with the auto- 
daved material than niih the raw material. 
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Susceptibility of the Bear 'to Fox Encephalitis. 


C. S. Stulberg and R. G. Green. 

From Ihr Drparlmciil of llartcrMogy anti Immunology, University of Minnesota, MinncaiioUs. 


Fox encephalitis' is a common disease of 
the North American silver fox and has been 
identified on fox ranches throughout the 
United Stales. Red foxes, dogs, and coyotes- 
are also highly susceptible. Although not gen- 
erally recognized clinically, fox encephalitis 
frequently appears to occur as a natural dis- 
ease in dogs." The gray fox,-* which is related 
to the South American foxes and dogs, and 
the raccoon" are only slightly susceptible to 
e.xperimental infection. 

Inoculation of the anterior chamber of the 
eye affords a direct and easy method of 
identifying the fox encephalitis virus and of 
establishing susceptibility to infection." In 
foxes and dogs such inoculation results in an 
acute systemic infection and encephalitis with 
a high mortality. In the inoculated eye the 
virus damages the single layer of endothelial 
cells which line the posterior surface of the 
cornea, resulting in a grayish corneal opacity. 
The characteristic intranuclear inclusions pro- 
duced by the virus can be seen in these endo- 
thelial cells. Only the injected eye will show 
the opacity. Injection of the virus into the 
anterior chambers of the ej’es of the less 
susceptible raccoon and gray fox produces 
regularlj- the corneal opacit\% but these ani- 
mals otherwise generallj- remain well. The cat 
appears immune to the general infection, but 
with young kittens' intra-ocular injection 

1 Grocii, K. G., Ziegler, X. I?., Green, B. B., niut 
Pewev, E. T., Am. Ilyg., lHao, 12, in.O. 

- Green, R. G., Ziegler, X. R., Cnrlsim, W. E., 
Sliillinger, .T. E., Tvler, S. H., .nnil Dewev, E. T., 
Jm. J. Ilyg., 1034, 1», .343. 

3 Green, R. G., .niul Sliillinger, .1. E., Am. J. Ilyg., 
1034, U), 302. 

s Green, R. G., uniniblislied d:it:i. 

•' Green, R. G., Evims, C. A., nnd yiinamur!i, JI. 
y. Rroc. Soc. Exp. Bioi.. .a.np Med., 1043, 53, 180. 

n Evans. C. A., Yananmrn, II. Y., and Green, 

R, G., Pnoc. Soc. Exp. Bioi.. .vxd Med., 1943, 
53, 183. 

7 Evans, C. A., and Green, R. G., .‘itaff Meeting 
Sullet 'in, ’iJo.spitals of the University of Minnesota, 
1943, 16, 142. 


either is negative or results in incomplete 
opacity. The eye inoculation has been found 
negative in rabbits.' 

We have now been able to show that the 
zoologic range covered by the virus of fox 
encephalitis also includes the black bear, 
Euarctos amerkanus. Three specimens of 
this animal received at our laboratories have 
been tested for susceptibilitj' to the virus. 

Fox encephalitis virus, preserved as 20% 
homogenized fox brain in 50% neutral 
gl 3 'cerin, was prepared in serial, ten-fold dilu- 
tions in Ringer’s solution. To determine the 
minimal infective dose that would produce 
corneal opacity in foxes, 0.1 cc of each dilu- 
tion was injected into the anterior chambers 
of the eyes of red fox pups, bince we clssired 
only to approximate me titer of tne virus, 
omy one eye was inoculated per dilution, and 
the dilutions were carried out to 10‘". The 
virus proved active at a dilution of 10*". 

.A I'oung, wild black bear was receii’ed in 
the laboratory in rather poor condition. It 
was underweight, extremely irritable, and did 
not eat well. 'This animal was anesthetized 
with ether and was injected intra-ocularl_v 
with 0.1 cc of a lO*- dilution of virus in the 
right eye and 0.1 cc of a 10*" dilution in the 
leit e 3 ’e. ^^’ithin 3 dar's the bear developed a 
complete opacity in its right eye and a partial 
opacity in its left eye. On the 4th day after 
inoculation the animal was found dead, with- 
out previous symptoms or autops}' findings of 
fox encephalitis. However, a smear of the 
endotnehal cells of the posterior surface of the 
cornea revealed tne characteristic fox encepha- 
litis inclusion bodies. Aqueous humor re- 
moved from the eyes was cultured on blood 
agar anu was found free of bacteria. 

The intra-ocular test was repeated on a 
second tmung black bear. This animal 
although somewhat underweight otherwise 
appeareU normal. The virus, diluted with 
saline, was inoculated into the anterior cham- 
bers of the left and right eyes, with 0.2 cc of 
lU - a.iu 10"* dilutions respectively as the 
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inoculum. This animal showed no sign of 
susceptibility to the vims until the 10th day 
after inoculation, when partial cornea! opacity 
of the left eye appeared, becoming complete 
2 days later. Xo further obsen-ations were 
possible since it became necessaiy at that 
time to kill the bear. However, the animal 
did e.vhibit intranuclear inclusions of fox 
encephalitis virus in the corneal endothelium. 
The aqueous humor was bacteriologically 
sterile. 

.\ third black bear, which was half grown, 


was inoculated intramuscularh- with 5 cc of 
20^ virus but did not develop observable 
s\-mptoms. 

Condustous. The intra-ocular inoculation 
of two bears and the intramuscular injection 
of a third with fox encephalitis virus indicate 
that the black bear (Euarctos amcrkotius) is 
onh' slightly susceptible to this virus infection. 
Since the bear, like the raccoon, is an offshoot 
of the canines, the pathogenic properties of 
fox encephalitis vims derived from foxes seem 
sharply confined to the canine family. 
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Two Related Salmonella Tjqjes: luciana and S. marscille.- 
.Alice B. Morax, P. R. Edw.ards. .axd D. W. Bruxee. 


from the Department of Jnimal Patholo!iii, K< 

iiieiton, 

A, Sahiioiiclla luciam was isolated by ^Irs. 
Mildred Gallon from the feces of a normal 
food handler. The organism' fermented glu- 
cose. .xylose, arabinose, rhamnose. maltose, 
cellobiose. trehalose, mannitol, sorbitol, and 
dulcitol with production of acid and gas. 
Lactose, sucrose, inositol, and salicin were not 
fermented. The culture utilized </, /, and 
/-tartrate, niucate. and citrate. Hr'drogen 
sulfide was produced but indol was not formed 
nor was gelatin liquefied. 

The organism was agglutinated to the titre 
of, and absorbed all agglutinins from S. abcr~ 
deal O serum. Its somatic antigens are XI. 

5. luciana was diphasic and the H antigens 
of phase I were identical with the H antigens 
of X paratyphi .1 (a). The antigens of phase 
2 were identical with phase 2 of S. glostrnp 
(e.n.zi.-, . . .). The antigenic formula of 5. 
luciana is Xlra-e.n.Zjj . . . 

B. Salmonella marscille was isolated from 
the stools of a fierson affected with gastro- 


* Tlie investigation reported in this p.aper is in 
eonnoitioit with .a projeet of tlio Kentucky Agri- 
euttural Experitnent Station .ind is published bv 
permission of tiie Director. It was supported in 
part by .-i rcsetireh grant from tlie f. S. Public 
Health Service. 


ntuct:;i Aiirinilliirnl Experiment Station, Le.r- 

Ky. 

enteritis, by Captain IV. B. Sutton of the 
4th Medical Laboratory, L*. S. .Army. Its 
biochemical properties differed from those of 
5. luciana only in that it produced acid from 
raffinose after 9 da.vs incubation and it did 
not utilize /-tartrate. 

The somatic antigens of S. marscille were 
identical with those of S. aberdeen (XI). The 
culture was diphasic and phase 1 resembled 
that of 5. paratyphi .A (a) although when 
used to absorb S. paratyphi .4 serum a slight 
residue of agglutinins remained for S. para- 
typhi .-I, S. luciana, and S. loma-linda. 

Phase 2 of S', marscille was agglutinated by 
serums for all the nonspecific phases of the 
Kauffmann-White classification. AVhen tested 
with serums for smgle factors 2, 3. 5. 6, 7. 10, 
and 1 1 it was agglutinated only by serums for 
factors 3 and 5. In absorption tests phase 
2 of S. marscille removed ail agglutinins from 
serum derived from phase 2 of S. thompson 
(1,5 . . .). The diagnostic formula of S. inar- 
scillc is XI;a-I,5 . . . 

Summary. Two new Salmonella U-pes 
were described. S. luciana (Xlra-e.n.zij . . .) 
was recovered from the feces of a normal food 
handler while X marscille (XI:a-l,S . . .) was 
isolated from the stools of a patient affected 
with gastro-enteritis. 
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Plasma Protein Concentrations and Organ Weights of Rats as Related to 

a High Protein Diet.* 

James H. LEATHEir. 

T^rom the TSurcan of ISiolofiiriil y!csinrch anil the Vepartmeni of Zonlopn, Hutii' rs Vniversity, 

yiew lirunstcicJ:, K.,T. 


Adrenal hypertrophy resulting in an in- 
creased functional level of the cortex has been 
observed in rats fed a high protein diet and 
may be related to an increased rate of pro- 
tein catabolism' but not all investigators 
have obser\'ed an increase in adrenal weight 
in either rats"'" or mice' eating a diet high 
in protein content. I'urthermore, no change 
in plasma protein concentrations was ob- 
ser\'ed in rats fed a 78% casein diet.'* It 
was presumed that a change in functional 
activity of the adrenal cortex would be re- 
flected in plasma protein levels since an im- 
portant relationship between the adrenal cor- 
tex and plasma i>rotein concentrations is 
known to exist.^’'" 

Ingle' reinvestigated tJie high protein diet- 
adrenal weight problem in both young and 
adult rats fed a diet of 67% protein and 
found the adrenals to be unchanged, but did 
observe a modest adrenal weight increase 
when dietary protein was increa.sed to 80%. 
The primary protein sources used by Ingle 
were casein (Labco) and lactaibumin. Since 
a difference in the protein source itself can 
influence the e.xperimental results as has 
been effectively demonstrated in adrenalec- 
tomized rats given 2 tvpes of casein,* the 

• .Suii|>oiti'(l by till' Priitc'iii Jtof.nliolism Fiiiiil of 
tla* Itui'ciiu of ttio]oo;c;il Iti'M'iirfli, Kiitaol'S V ni- 
vorsilv. 

I Tt'iPiK'nn in, .1.. Knoi'I, F. I,., niicl l.onH, C. X. 
II., Hiutocrinolnjiji, 1043, ;52. 4nS. 

e Ingle. 1). .1.. (lintlier, U. li., iiiul Xez:iiiiis, .T., 
y^ndon'iiioloyy. 11143, 112, 410. 

;i lA'iitlieni. I. il., iimh-x niiolDoy, 1114.1, lit, to7. 

■I I5eim:i, K. .•iml lio'v.inl, F.. EioUk luinhxjy, 
11)4.1, .‘Ki, Ifll. 

.1 Levin, L., .'UhI J,e:itlu'ni, .1. II., -Im. J. Phyiiol., 
1042, 130, 300. 

c White, A., .'ind Dougherty, T. F., Eiitlucrin- 
ology, 1045, 30, 207. 

7 Ingle, D. J., Endocrinology, 1945, 37, 7. 

s Segnloff, A., Endocrinology, 1940, 38, 2C. 


current investigation involving a restudy of 
the adrenals in rats fed a high protein diet 
was undertaken and plasma protein levels 
were again used as a possible means of de- 
tecting an increased functional activity of 
the adrenal cortex. 

.-\dult male rats 130 to 157 daj's of age were 
used. The diets -fed were Purina fox chow 
as the control diet (22.8% protein) and* the 
high protein diets which were composed of 
78% casein (Merck) or lactaibumin (Bor- 
den, lot Xo. 15-42), 10% brewers yeast 
(Mead-Johnson). 5% Il'esson’s salt mixture, 
5% Mazola and 2% cod liver oil (Squibb). 
The diet including casein simulated the 
Casein .-\ diet of Tepperman cl al4 Lactai- 
bumin was chosen as another primary pro- 
tein source because the nitrogen balance in- 
dex for this protein is higher tlian that of 
casein.” 

The e.xperimental period was 20-27 days 
in duration and during the first 20 days 
food intake ranged between 280-291 g total 
per rat fed the high protein diets as com- 
pared with a 336 g total per rat fed fox 
chow. The rats were bled b\’ cardiac punc- 
ture under light anesthesia at the conclusion 
of the e.vperiment and the plasma anah'zed 
for XPA’, total protein, albumin and globulin 
by methods reported previously.'" Each rat 
was autopsied and fresh weight of the care- 
fully dissected pituitain-, adrenal, thyroid, 
testis, seminal vesicle, kidney and liver was 
recorded. 

-Adult rats fed a high casein diet gained an 
ar-erage oi 16 g in body weight as compared 
with a 28 g gain by rats eating fox chow. 
IVhen lactaibumin was substituted for casein 
an average gain of only 4 g in body weight 
was recorded whereas the littermate controls 

!> Allison, .T. B., Anderson, J. A., and Seeley, 

K. D., Ann. X. I'- Ac/id. Sci., 1940, 47, 245. 

10 heatlian, .T. II., Endocrinology, 1.045, 30, OS. 
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TABLE I. 

Influence of Diet on Orgnn lYeight of Adult Mnle Bats. 


Diet 

(No. of rats) 

Casein 7 
(14) 

8% 

Fox chow 
(14) 

Lactallminin 78% 
(12) 

Fox chow 
(12) 

Aflroual 

34.8 It 

Avg organ weight- 
2.2^ 2S,4 :t 1.4 

-mg. 

34.S ± 2.2 

28.6 

-1- 2.0 

Thvroid 

23.G ± 

0.7 

23.0 It 0.5 

22.8 -+- 0.9 

22.6 

It 0.4 

Kidnev 

3248.0 It 

49 

2l3o2.0 H- 47 

2962.0 It 123 

2811.0 

-1- 157 

Liver 

13579.0 

289 

12303.0 It 302 

12595.0 ti 655 

12649.0 

It 341 

Adrenal 

10.7 -f- 

Avg 

0.7 

organ weight — nig/100 

S.< 

g bodv weight. 

il.2 It 0.7 

S.S 

± 0.6 

Thvroid 

7.3 

0.2 

7.0 ± 0.2 

7.4 It 0.3 

7.3 

It Q.l 

Kidnev 

lOOS.O-H 

15 

SIS.O -f- 14 

959.0 -f- 42 

787.0 

It 57 

Liver 

4192.0 It 

S3 

37SG.0 ± 94 

4009.0 ->- 220 

3870.0 

± 97 


. = V-^ 

' n(n— 1) 

TABLE II. 


Influence of Dietary Protein on tlie Pl''snri Protein Levels of Male Bats. 


Ko. of 
rats 

Diet 

Body wt 
start-end, 
g 

Bemaio- Xoii-)irotein 
crit, X, 

% nig/lOO ee 

Total 
protein, 
g/100 cc 

Albumin, 
g/100 cc 

Globulin, 
g/100 cc 




Bats 130-157 davs old. 




14 

Casein 78% 

307-323 

48.5 0.7 7G ^ l.S 

6.08 -t- 0.15 

3.06 - 4 - 0.9 

3.02 It 0.08 

14 

Fox ehow 

296-324 

47.6 -r- 0.6 64 -i- 2.0 

6.13 -4- 0.11 

3.16 -)- 0.10 

2.96 - 4 - 0.10 

12 

Laetalbumin 78% 309-313 

47.5 -1- 0.7 73 ■+■ 2.1 

6.01 -4- 0.14 

3.06 - 4 - 0.14 

2.95 - 4 - 0.16 

12 

Fox eliow 

307-326 

47.4 -H 0.3 60 -+- 1.1 

6.23 -1- 0.12 

3.29 - 4 - 0.10 

2.97 - 4 - 0.16 




R Its 45-49 davs old. 


% 


8 

Laetalbumin 78% 142-204 

43.3 -t- 0.5 80 -t- 2.0 

5.40 -1- 0.19 

3.20 - 4 - 0.10 

2.20 - 4 - 0.17 

S 

Fox ehow 

144-227 

44.4 It 0.4 51 It 1.2 

O.S7 i: O.IS 

3.45 It 0.09 

2.42 It 0.20 


TABLE III. 

Tnfluoiice of Diet on Organ YTeiglit of Young Male Bats. 

Diet Laetalbumin 789o Fox chow Lactalbumin 7S<7r Fox cliow 

(No.ofr.ats) (S) (8) (8) (S) 

-Avg organ \vt, uig Avg organ n t, iug/100 g B.IY. 

Adrenal 
TUvrnid 
Kidney 
Liver 


33.9 ± 3.2 27.2 ± 2.3 

17.2 ± 2.1 10.4 ± 1.4 

2412.n ± 101 1987.0 ± 03 

in.-)9.").n ± 003 9770.0 ± 538 


15.8 ± 0.9 12.1 ± 0.8 

8.3 it 0.7 7.5 it 0.0 

1101.0 It 74 875,0 It 30 

5127.0 ± 340 4315.0 it 201 


on Stock diet gained 19 g during the same 
20-day period. 

It is apparent from the data in Table I 
that the adrenals from rats fed a high pro- 
tein diet of either casein or laetalbumin had 
a tendency to be somewhat heavier than 
the adrenals from rats fed fox chow but the 
differences are not striking. Kidney and 
liver weights too were greater in rats fed 
7S% casein but not in those fed 7S% lactal- 
bumin. This seeming difference in results 
between the 2 high protein diets and kidney 
weight is shown to be due to body weight 
differences (Table I). .Although it has been 


reported that thyroid hypertrophy can be in- 
duced by excess dietary- protein, no indication 
of a change in thyroid weight was observ-ed. 
Weights of the pituitary., testis and seminal 
vesicles were not influenced by diet. 

Plasma protein concentrations failed to re- 
veal any evidence that the functional level 
of the adrenal cortex was altered by a diet 
containing 7S% casein or laetalbumin. The 
data in Table II reveal that albumin and 
globulin concentrations and consequently to- 
tal plasma protein levels were not siimifi- 
cantly influenced by the diet. Xon-protein- 
nitrogen. however, was elevated when excess 
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protein was fed. 

The possibility that young rats might e.v- 
hibit a more pronounced response to a diet 
containing 78% lactalbumin than did the 
adults prompted an investigation of this point. 
Eight rats, 45-49 days old, were fed the 78% 
lactalbumin diet for an average of 23 days 
and the data were compared with littermate 
controls fed fo.\ chow. Despite ad libilum 
feeding, the rats consuming tJie high protein 
diet gained an average of only 62 g as com- 
pared to the average 83 gain exhibited b}’ 
rats eating fo.x chow (Table II). Despite 
the retardation in body weight gain, the 
adrenal, kidney and liver weights from rats 
fed a 78% lactalbumin diet e.xceeded those 
from rats fed stock diet. These organ weight 
differences arc more apparent when organ 
weight is considered in terms of 100 g body 
weight (Table III). The weight of the thy- 
roid, testis, seminal v’csicles and pituitary was 
not influenced. 

Examination of the plasma protein concen- 
trations for total protein, albumin and glo- 
bulin suggested that rats fed fox chow had 
the higher plasma protein levels but the 
differences are not clearly significant. NPIs, 
however, was significantly higher in rats fed 
the high protein diet. 

Since liver protein can be readily influenced 
by a dietary deficiency in protein it was of 
interest to examine the livers from some of 
these young rats under the opposite condi- 
tions or that of protein e.xcess. The livers 


from 4 pairs of rats were dried to constant 
weiThf at 95' C and analvzed for total pro- 
tein. Water content of the livers from rats 
fed 78% lactalbumin was 69.9% and from 
rats fed fox chow was 70.0%. Liver pro- 
tein was found to be sreater in the lactal- 
bumin-fed rats than in stock-diet animals. 
Following the feeding of the high protein diet 
the livers contained an average 1.15 (0.98- 
1.26) g protein/100 g bodv weight as com- 
pared with an av'erage 0.83 (0.76-0.89) g 
protein/100 g bod 3 ' weight. Furthermore, 
the percentage protein of the drj^ liver in- 
creased from 64.0% in rats fed fox chow to 
72.3% in rats fed the high lactalbumin diet 
and therefore the increased liver protein was 
not alone due to increase in liver size. 

Summary. The effect of a high protein 
diet (78% casein or lactalbumin) was studied 
in male rats. The rate of body weight in- 
crease was retarded over a 3-week period 
by a 78% lactalbumin diet in \-oung and 
adult rats. A modest increase in adrenal 
weight was obsen'ed but no indication of 
increased functional activity was suggested 
by alterations in plasma albumin or globulin 
concentrations since the plasma protein levels 
remained unchanged. Non-protein nitrogen 
was elevated by the e.xcess dietarj' protein. 
Thyroid, pituitarj', testis and seminal vesicle 
weights remained normal but kidnex' and liver 
xveights were increased. Liver protein ivas 
increased in xoung rats fed the high lactal- 
bumin diet. 
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Pyribenzamine Aerosol Inhalation and its Influence on Histamine Poisoning 

and Anaphylaxis. 

R. L. Mayf.r, D. Brousseau, and P. C. Eisman. (Introduced b}’ F. F. \onkman.) 

From CiVn Fharmacrutical Pro(7iict.‘), liir., .SiiiiunU, A ..L 


The lethal dose of histamine for guinea 
pigs b}^ intravenous injection is 0.3 to 0.4 
mg/kg body xveight,’ but the amounts required 

" 1 GiiggPiitioim, At., Die Bwticncii Amine, Basic, 

1940. , , 

2 n.ilrern, B. K., Arch, internat. dc phormacodi/n. 


to kill guinea pigs when introduced into the 
lungs bx' aerosol inhalation are fractions of 
these doses.-'= Indeed, many guinea pigs 
breathing air containing less than 0.1 y his- 

et dc Thernp., 1949, 08, 3.19. 

3 Mayer, E. Tj., A- AUergu, 194G, 17, 153. 
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tamine psr ml die within 2 to 5 minutes. The 
high activitj- of histamine introduced directly 
into the lungs is explained by two facts, 
namely, that the lungs of guinea pigs contain 
tissues whose cells are exceedingly susceptible 
to this substance, and that the marked 
response of these cells in histamine poisoning 
is the primary cause of death. 

Substances such as Pyribenzamine (PBZ) 
for example, which specifically counteract 
histamine, are believed to prevent histamine 
from acting upon organs susceptible to his- 
tamine. According to a theory accepted by 
many investigators, these antihistaminic sub- 
stances compete with histamine, blocking the 
receptive sites within the susceptible cells 
which normally respond readily to histamine. 
If this theory is correct it would be expected 
that a specific antihistaminic substance, like 
PBZ, introduced directlj'- into the lungs by 
aerosol inhalation would provide considerably 
more protection against subsequent histamine 
poisoning than when injected or given by 
mouth. Moreover, it might also be found that 
PBZ. as an aerosol, would counteract histamine 
or protect against anaphylaxis in such suffi- 
ciently small doses that side effects, common 
to the usual therapeutic administration, could 
be avoided. 

Experiments with PBZ aerosol could there- 
fore provide us with valuable information 
concerning the mechanism of action of anti- 
histaminic substances. On the other hand, it 
seemed to us probable that a comparison of 
the effect of PBZ aerosols upon histamine 
poisoning and anaphylaxis might lead to fur- 
ther insight into the relationship between 
histamine poisoning and anaphylaxis. This 
question is especially important since there 
are many authors who consider histamine to 
be identical with the anaphylactic poison, 
while others reject the histamine theory of 
anaphylaxis. 

In the following experiments we therefore 
investigated in guinea pigs the influence of 
PBZ aerosols upon the tolerance toward his- 
tamine and upon active and passive anaphyl- 
axis. 

Methods. 173 guinea pigs weighing from 
ISO to 200 g were subjected to inhalation of 
PBZ aerosols in the same manner as previ- 


ously described for histamine aerosols.-”® In 
the various experiments performed, we vapor- 
ized solutions containing 0.5, 1, and 2% PBZ 
(hydrochloride), the air flow at the outlet of 
the vaporizers being maintained at approxi- 
mately 20 liters per minute. 

The influence of the aerosol Inhalation upon 
histamine intoxication and anaphylaxis was 
tested as follows; In the first series of e.xperi- 
ments, the duration of the PBZ aerosol treat- 
ment was varied and the influence of each 
time-treatment upon the resistance of the 
animals to histamine was measured. In the 
second series we kept the duration of aerosol- 
treatment constant and determined the dura- 
tion of protection to histamine. In both 
series histamine was injected intracardiall}' as 
histamine phosphate. In the third and fourth 
series of e.xperiments we tested in an identical 
way the influence of PBZ aerosol inhalation 
upon active and passive anaphylaxis. Active 
anaphylaxis was produced with horse serum 
by the usual technic, the intracardial “chal- 
lenge” injections being made three weeks after 
sensitization, and passive sensitization by 
injection with anti-horse rabbit serum, fol- 
lowed by the “challenge” injection 24 hours 
later. 

Results. Histamine Shock. I. Histamine 
Intoxication. In preliminary trials, the sensi- 
tivity of guinea pigs to the histamine used for 
these experiments was determined. The min- 
imal toxic dose producing more than B0% 
deaths was found to be between 0.7 to 0.8 
mg histamine phosphate per kg, corresponding 
to 0.25 to 0.29 mg of histamine respectiveljL 
The MLD 30 was about 25% higher in the 
present e.xperiments than in our earlier work,® 
a fact which may have been due to variation 
among the histamine lots commercially avail- 
able, differences in animal strains, minor varia- 
tions in rates of injection, or to seasonal 
changes in the sensitivity of the guinea pigs. 

11. Influence of the Concentration and Dura- 
tion of Pyribenzamine Aerosol Inhalation. 

■1 Kallos, P., .and P.agel, tV., Acta TAed. Scan- 
dinav., l!)3r, 91, 292. 

r- Scliaumaiin, O., Arch. f. Exp. Path. a. Phar- 
mal-ol., 1940, 196, 109. 

Cron Issekutz, B., and Genersich, P., Arch. f. 
Exp. Path. It. Pharmal-ol, 1943, 202, 201. 
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Inhalation of aerosols produced by vaporizing 
0.5% and 1.0% PBZ solutions for various 
periods of time conferred^ definite protection 
against histamine to a few animals. A number 
of animals, however, did not show any signifi- 
cant beneficial response when treated with 
these relatively low concentrations. 

Consistent results were obtained in almost 
all animals when the concentration of PBZ in 
the vaporizing fluid was increased to 2%. 34 
animals were submitted to inhalations of 2% 
PBZ aerosol of varving duration. The short- 
est time of inhalation producing a definite 
protective effect against 2-3 lethal doses of 
histamine was between 1 and 2 minutes. With 
2 minutes of inhalation, the animals tolerated 
intracardial injection of 2 mg histamine phos- 
phate per kg, constituting appro.vimately 2.5 
lethal doses, without any symptoms of shock. 
With 3 minutes of inhalation they tolerated 
approximately 3.75 mg histamine phosphate 
(5 INILD), while inhalation for 5 to 10 minutes 
produced a resistance to 5-11 mg histamine 
phosphate (7 to 15 ItlLD). 

The guinea pigs so protected did not go 
into shock and survived; however, all animals 
which were protected from typical histamine 
shock and had received histamine doses rang- 
ing from 5 to 11 mg per kg body weight 
presented very unusual signs of histamine 
intoxication. A few minutes after histamine 
injection the animals became motionless and 
then rapidly fell into deep narcosis with regu- 
lar respiration, although very superficial and 
slow; there were also occasional athetotic 
movements of all legs. This interesting form 
of histamine intoxication is not normally ob- 
served, since death occurs from broncho- 
constriction and asphy.xia before narcosis could 
develop. 

III. Duration oj Protection with 2% Pyri- 
bcnzaininc Aerosols. Three series of 10, 16, 
and 10 animals were submitted to PBZ aerosol 
inhalation of 15, 30, and 60 minutes duration 
respectively. At varying intervals after com- 
pletion of the PBZ treatment 2 animals of 
each series received an intracardial injection 
of 3 mg per kg histamine phosphate (4 MLD). 

In the first series of experiments in which 
the 2% PBZ aerosol was inhaled for IS min- 
utes the protection afforded against subse- 
quent injection of 3 mg of histamine phos- 


'I’ABLE r. 


Dur.ition of Protection in Guine.-i Pigs Ag.iinst 4 
Ijcthal Doses of Histamine Phosphate After PBZ 
Acro.sol Jiilial.Ttioii (3%) for IS, 30 .and 0 Jtinutes. 


Interval bet otcii 
end of PliZ 
iiibabitiim and 
lii.slainiiio iiijpctioii 

ICo. of animals protected 

Duration of aerosol inhalation 

15 min 

•SO rain 

GO min 

0 

2/2* 



IC) mill 

*2/2 



.10 ” 


2/2 

2/2 

4.'> • ' 

‘-Vd 

2/2 

2/2 

t 111- 

2/2 

0/2 

1/2 

.> .M 


^/2 

2/2 

a ” 


1/2 

2/2 

SV 2 ” 


2/2 


4 ” 


0/4 


Controls, no PBZ 


o/c 



* Kunihcr of animals itrotected and surviving 
over immher of animals used. 


phate (4 MLD) lasted for at least 1 hour 
(Table I). Inhalation of PBZ aerosol for 
30 minutes gave protection lasting for 3)^ 
hours, and inhalation for 60 minutes did not 
further increase the protection. 

.■inaphylaxis. I. Influence oj the duration 
of Pyrihcnzaininc Aerosol Inhalation. Animals 
actively sensitized to horse serum or passively 
.sensitized with anti-horse rabbit serum could 
be effectively protected by 2% PBZ aerosol 
inhalations. The shortest time of inhalation 
protecting animals against immediate anaphyl- 
actic shock was found to be 3 minutes. Ani- 
mals challenged immediately after this time 
showed delayed symptoms of shock, but in- 
variably died after 10 to 30 minutes. Com- 
plete protection against both shock and 
anaphylactic death was conferred after an 
inhalation period of at least 10 minutes. 

Since the amounts of histamine or histamine- 
like substances liberated in the lungs during 
3naph3dactic shock are not known, a direct 
comparison between the duration of PBZ 
aerosol inhalation necessary for protection 
against histamine poisoning and anaphylactic 
shock is not possible. It is interesting to 
note, however, that the results in anaphylaxis 
were’ somewhat less regular than those obtained 
in the histamine-shock series, since some ani- 
mals died in shock even after being submitted 
to 2% PBZ aerosol inhalation of 30 minutes 
duration. Contrary to those animals pro- 
tected against histamine, certain individuals. 
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TABLE II. 

Duration of Protection in Guinea Pigs Against Anaphylactic .Sliock After PBZ (2%) Aerosol 

Inhalation for 15 and 30 Minutes. 


Xunibcr of animals protected 


Interral bet'iveen end 
of PBZ iiilialation and 
challenging serum inj. 

t 

Active anaphylaxis 
after PBZ inhalation 
of 

15 min 30 min 

Passive anapliylaxis 
after PBZ inhalation 
of 

30 min 

15 min 

1/2 


3/3 

30 ” 

3/4 

2/3 

3/3 

45 ” 

0/3 

2/3 

2/3 

60 " 

2/3 

1/2 

3/3 

2 hr 


1/2 

2/2 

3 ” 


2/2 

1/1 

5 ” 



2/2 

Controls, no PBZ 

0/8 


0/3 


while protected against immediate anaphylactic 
shock by adequate treatment, died during the 
ensuing 24 hours. 

II. Duration oj the Protection with 2% 
Pyribenzaminc Aerosol Inhalation. The dura- 
tion of the protection to anaphylactic shock 
conferred to guinea pigs by PBZ aerosol 
inhalation was tested in the same manner as 
described in the experiments with histamine. 
Two groups of 12 sensitized animals each 
■were submitted to an inhalation of 2% PBZ 
aerosol for IS and 30 minutes respective!}'. 
It was found that inhalation of 15 minutes 
duration afforded protection up to 1 hour; 
while inhalation for 30 minutes gave protection 
for at least 3 hours. Protection was even 
greater and more consistent in 17 passively 
sensitized animals, since aerosol inhalation for 
30 minutes was still effective after an interval 
of 5 hours (Table II). 

III. Influence of Aerosols Containing 
Trascutin or Procaine upon Histamine Intoxi- 
cation. PBZ and other antihistaminic sub- 
stances display, in addition to the antihis- 
taminic activity, powerful local anesthetic and 
variable antispasmodic activities. The possi- 
bility has been suggested that the activity of 
the antihistaminic substances, especially their 
effectiveness in anaphylaxis and allerg}', are at 
least partially due to these secondar}' activi- 
ties. Although it is known that local anes- 
thetics and antispasmodics, such as atropine, 
are capable of protecting animals to a limited 
degree against histamine poisoning and 
anaphylactic shock, there is no proof that 
either of these secondary activities associated 


with antihistaminics contribute to any signifi- 
cant degree to the antihistaminic and anti- 
anaphylactic activities of PBZ and similar 
substances. Nevertheless, it seemed interest- 
ing to substitute for aerosols of PBZ, aerosols 
of substances with pronounced antispasmodic 
and local anesthetic activity and to investigate 
their influence upon histamine intoxication. 
We found that neither 2% procaine nor 2% 
Trasentin aerosol inhalation had any influence 
upon histamine into.xication using 2 to 3 lethal 
doses of histamine; convulsions and death 
occurred at the same intervals as in control 
animals not submitted to these aerosols. 

IV. Local Action of Pyribenzaniine Inhala- 
tion upon the Lungs. As it is known that 
various antihistaminic substances are irritating 
when injected subcutaneously, it was therefore 
necessary to control the effect of PBZ aerosol 
inhalation upon the cells of the lung system. 
Guinea pigs were subjected to inhalation of 
2% PBZ for up to 2 hours and then obserx'ed 
for several days. The treatment -was well 
tolerated and did not produce any clinical 
signs of irritation either during treatment, or 
subsequently. Three other animals, after re- 
ceiving a 1-hour aerosol treatment, were killed 
24 hours later and the lungs histologically 
e.\'amined. They were found to be normal. 

Discussion. These experiments indicate 
that it is possible to protect guinea pigs against 
15 lethal doses of histamine, as well as against 
anaphylactic shock when 2% PBZ is admin- 
istered in the form of an aerosol. Under the 
conditions of our e.\-periments, the animals 
were protected after having inhaled, by calcu- 
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lalion, 0.3 to O.S mg PBZ, which may have 
been absorbed, in whole or in part, liy the 
lungs. This dose, as we have found from all 
our previous e.xperiments, is ineffective when 
either injected subcutaneously or given orallj'. 
These results constitute, in our opinion, fur- 
ther evidence supporting the hypothesis that 
PBZ specifically counteracts histamine not by 
central action, but b\' a purely local influence 
at the very site of the peripheral histamine 
action.-'’’’"'® 

The evidence that the point of attack by 
PBZ is the peripheral receptor may e.xplain 
why the protection against histamine into.xica- 
tion or anaphylactic shock, persists for a sur- 
prisingly long period of time in spite of the 
e.xceedingly small amounts of PBZ which 
reach the lung tissue during the brief aerosol 
treatment. Indeed, the protective effect lasts 
almost as long as that protection which is con- 
ferred when PBZ is given subcutaneously or 
by mouth in considerably higher dosages. 

It may be concluded from our results that 
PBZ is either selectively fixed within the 
receptor cells of the lungs and does not rapidly 
enter the blood stream as do most other sub- 
stances introduced therapeutically into the 
lungs, or that the minute amounts of anti- 
histaminic substances, b\- direct contact with 
the cells susceptible to histamine, render the 
receptive organs, by some functional mechan- 
isms, refractive for long periods of time to 
subsequent attacks by histamine. 

The introduction of antihistaminic sub- 
stances into the lungs and the selective pro- 
tection of this organ against histamine in 
guinea pigs have enabled us to detect signs of 
histamine intoxication previously not observed. 
Under normal conditions, the picture of his- 
tamine intoxications in guinea pigs consists 
almost entirely of the constriction of smooth 
muscles and its immediate consequences, and 
before any other signs can develop, the animal 
dies of asphyxia. On the other hand, smaller 
doses which do not produce this type of death 
are apparently too small to produce other 


7 Wells, J. A., Morris, H. D., Bull, II. B., and 
Dragstedt, C. A., /. Pliarm. Exp. Thcr., 1945, 
85 122. 

sTonkmaa, F. F., Chess, D., Matliieson, D., 
Hansen, H., J. Pharm. Exp. Ther., 1940, 87, 250. 


symptoms. However, when the animals are 
protected against death by asphyxia, as in the 
present e.xperiments, histamine in significantly 
high dosage can be introduced and unusual 
symptoms are observed, as described in these 
e.xperiments; namely, a pronounced narcotic 
effect which lasts from 30 minutes to 1 hour. 
■At the end of this period the animals slowly 
recover, as from deep narcosis. 

It may be more than a fortuitous occurrence 
that in certain patients the various antihis- 
taminic substances e.xert a definite depression 
and an almost narcotic action. This s 3 'mptom 
maj' be due to the local anesthetic power of 
these substances. It also could be e.xplained 
in the light of the foregoing observations; 
nameh', that the competitive action of PBZ 
with histamine, in some instances, may lead 
to a duplication of certain histamine effects; 
while in others, to a suppression of other 
typical histamine activities. 

PBZ aerosol inhalation not only confers a 
powerful protection against histamine intoxi- 
cation in guinea pigs, but also protects against 
anaphylaxis. The doses necessar\'' to prevent 
anaphylactic shock are approximately the 
same as those which are active against his- 
tamine poisoning, and in both cases the dura- 
tion of protection is essential!}’' the same. The 
fact that exceedingly small doses of PBZ intro- 
duced directly into the lungs are equally 
effective in both histamine poisoning and 
anaphylaxis adds another argument in favor of 
the theory that anaphylactic death and his- 
tamine death in guinea pigs are produced by 
the same poison, or at least by substances 
closely related. 

Conclusions. 1. PBZ inhaled in the form of 
an aerosol and in minute amounts, protects 
guinea pigs against histamine intoxication and 
anaphylactic shock. This protection is rela- 
tively long-lasting. 2. The selective protection 
which PBZ aeroscls confer to the lung tissue 
permits the observation in guinea pigs of 
hitherto unrecorded histamine effects. 3. The 
high activity of PBZ aerosol inhalation and 
the apparent lack of irritation suggest the 
possible therapeutic use of PBZ as an aerosol, 
since it may be predicted that this method of 
administration produces a lasting therapeutic 
effect with doses too small to produce unde- 
sirable side reactions. 
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Elias Strauss. (Introduced by S. Edward Sulkin.) 

From the Department of Bacteriology and Immunology and the Department of Medicine, 
Southiccstern Medical College, Dallas. 


Despite wide clinical interest in the use of 
streptomycin, the mode of action of this sub- 
stance on bacteria is as yet poorly under- 
stood. The present report deals with 3 as- 
pects of the action of streptomycin on bac- 
teria in vitro: (1) morphological effects of 
streptomycin on growing cultures of various 
organisms; (2) the bactericidal action of 
streptomycin on resting bacteria; and (3) 
the effect on the rate of growth of bacteria 
of subinhibitory concentrations of streptomy- 
cin. 

Effect of Streptomycin on Morphological 
Appearance oj Bacteria. Little attention has 
been directed toward possible alterations in 
bacterial morphologj' as a result of growth 
in the presence of streptomixin. Welch, 
Price, and RandalP obsetA'ed huge and bizarre 
forms of E. typliosa in cultures exposed to 
streptomycin. However, ^filler and Bohn- 
hoff- found no morphological changes in 
meningococci or gonococci grown in the pres- 
ence of streptomj'cin. 

In the present study, a single stock labora- 
tor>' strain of each of the following organisms 
■was emplojxd: .Acrobacter aerogencs, Escheri- 
chia coli, Proteus ammoniac, Pseudomonas 
aeruginosa. Shigella sonnei, Eberthclla ty- 
phosa, Salmonella typhimurium , Vibrio com- 
ma, Micrococcus tetragenus. Staphylococcus 
aureus. Bacillus anthracis. Bacillus mycoides. 
Bacillus subtilis, and Bacillus megatherium. 
Preliminarj' tests were performed in heart 
infusion broth by the serial dilution technic 
to determine the range of sensitiviti' of each 
organism to streptomycin. The degree of 
bacteriostasis was estimated by the presence 

* This investigation ivas supported by grants 
from tlie Lcdcrle Laboratories Division, American 
Cyanamid Company, and from tlie United States 
Public Health Service. 

1 Welch, H., Price, C. W., and Eandall, W. A., 
,T. Am. Pharm. Assn., 194G, 33, 155. 

- Hiller, C. P., and Eohnhofif, H., J. Am. Med. 
.Issn., l!)4fi, 180, 4S5. 


or absence of turbidity after 24 hours’ in- 
cubation. In the final tests, 10‘- dilutions of 
overnight grotilhs of organisms in broth were 
incubated at 37 °C in heart infusion broth 
in the presence of various amounts of strep- 
tomycin, -which, on the basis of the prelim- 
inaiA- study, were expected to be slightly, 
moderately, or strongh' bacteriostatic. Rep- 
licate tubes were prepared for each organism 
■ndth the several streptomycin concentrations, 
as ■well as control tubes, .^t 0, 3 and 5 to 6 
hours’ incubation, the tubes were centrifuged 
for 20 minutes and Gram-stained smears of 
the bacterial sediment prepared. In each 
instance, a streptomycin-free culture was 
smeared and stained on the same slide as 
the streptomycin-containing culture. The 
stained smears were examined independently 
by 2 observers, one of whom was unaware 
of the purpose or technic of the study. 

The effect of streptomycin on the size, 
shape and staining qualities of bacteria was 
variable, being marked with some Gram- 
negative bacilli, slight with Gram-positive 
cocci, and absent with Gram-positive bacilli. 
The most extreme alterations in appearance 
were found with the strain of Shigella sonnei. 
Cells of this organism, when exposed to strep- 
tomycin, became elongated (up to 3 or 4 
times as long as the control cells), appeared 
swollen, and stained irregularly. (Fig. 1). 
These alterations were more pronounced with 
a slightly bacteriostatic amount of strepto- 
mycin (1 -/ per ml) than with a higher, more 
strongly bacteriostatic concentration (5 y per 
ml). Cells of changed appearance were some- 
what more frequent after 6 hours’ incubation 
than after 3 hours. 

Cells of the strain of S. typhimurium, when 
exposed to streptomycin, became swollen and 
elongated (up to 2 or 3 times the normal 
length), and assumed coccoid forms. These 
changes were equally prominent after 3 and 
6 hours’ incubation. The proportion of al- 
tered cells to the total was greater with 
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Tic. 1. 

Shigella .loniiri (X fi'ii), Gr.'iin-Ht.'rnicd smrars after (i hours’ incubation at 
3T°C in heart infusion broth. Left: In the presence of strcpfoniyeiii, 1.0 y per 
ml. night: Control, without strcpioniyciii. 


slightly bacteriostatic concentrations of strep- 
tomj’cin (3 and 6 y per ml) than with a 
strongly bacteriostatic concentration (12 y 
per ml). 

Definite, but lesser, degrees of alteration 
in cellular appearance were observed with 
the strains of Acrobacter acrogcncs and Pro- 
tens ammoniac. In both instances incubation 
with streptomycin for either 3 or 6 hours 
resulted in a greater proportion of moder- 
ately elongated and swollen cells than were 
observed in control cultures incubated in the 
same manner without streptomycin. .Again 
the changes were somewhat more frequent in 
slight!}’ bacteriostatic anfounts of streptomy- 
cin (1 y and 3 y per ml) than in more 
strongly bacteriostatic concentrations (6 y 
and 12 y per ml). 

The other Gram-negative organisms e.x- 
hibited little or no alteration in appearance. 
Vibrio comma appeared somewhat more 
pleomorphic in the presence of streptomycin 
than in its absence. Xo consistent changes 
were observed in the appearance of Escheri- 
chia colt, EberthcUa typhosa, and Psett- 
domonas aeruginosa. 

A few swollen and deeply-stained cells of 
Staphylococcus aureus and Micrococcus tetra- 
genus were found in cultures containing strep- 
tomycin but such cells were also seen with 
nearly the same frequency in control cul- 
tures. The Gram-positive bacilli studied e.x- 
hibited no consistent alterations in shape, 
size, or staining as a result of incubation with 


CFFCCT or STBFFTOUrcIM OH SUSCFFTIBLC Ann HFSISTAHr 
STRAINS OF c. COLI IN RINGER'S SOLUTION 



HOURS 

Fig. 2. 

Bacfcrieicl.ll action of sfrepfoiii.vciii ou sejisifire 
and resisfaiit strains of E. coli suspended in 
Ringer’s solution .it 37°C. Solid lines: Sensitive 
strain, witliout streptomjcin. Broken lines: Sensi- 
tive strain, witii strejitomyciii, 25 7 per ml. Dotted 
lines: Resistant strain, witliout streptomycin, and 
with streptomycin 25 7 per ml. 
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streptomj'cin. 

Bactericidal Action oj Streptomycin on 
Resting Bacteria. Hamre, Rake, and Dono- 
vick® reported that streptomydn Mas bac- 
tericidal for K. pneumoniae in Ringer’s solu- 
tion. The effect Mas related to the concen- 
tration of streptomycin employed. A great- 
er concentration Mas required for bactericidal 
action Mhen the bacterial cells Mere in the 
resting state than Mhen they Mere active!}^ 
groMing. Resting cells survidng 3 or 5 hours’ 
incubation Mith streptomran subsequently 
Mere not found more resistant than controls. 
It Mas suggested, therefore, that the mode of 
action of streptomycin on Mashed, resting 
cells is different from its action on multiph'- 
ing organisms. Klein and Kimmelman'* also 
noted that streptom3'cin Mas bactericidal for 
Mashed suspensions of Shigcllac and that the 
sunuvors did not shoM increased resistance. 
The present studies Mere undertaken to de- 
scribe more full}' the bactericidal action of 
streptomj’cin on resting bacteria and to as- 
certain Mhether or not its mode of action 
under these circumstances differed from its 
action on multiplying organisms. 

stock laboratoiy' strain of E. coli Mas 
used. The sedimented organisms from a 6- 
hour groMth in heart-infusion broth were 
Mashed twice in Ringer’s solution (pH 7.0), 
and resuspended in Ringer’s solution after 
dilution to the desired bacterial concentra- 
tions. StreptomjTin in Ringer’s solution Mas 
added to some of the tubes and the volumes 
of both control and drug-containing tubes 
were adjusted. Incubation was carried out 
in a water bath at 37°C for 3 hours. Ex- 
plants were made at 0 and 3 hours in a 
simple S3mthetic medium^ to which were 
added agar, glucose (1%), Bacto tra^itose 
(1%) and sodium 'thioglycolate (0.05%). 
Preliminary tests indicated that in this me- 
dium concentrations of streptomycin up to 
5 y per ml had no inhibitory' effect on the 
number of developing colonies as compared 
with controls. In heart-infusion broth as- 

3 Harare, D., Bake, G., and Donovick, R., Pkoc. 
Soc. Exp. Biol. .\xi> ytira., 1946, C2, 2a. 

•I Klein, M., and Kimmelman, L. J., ,7. Sact., 
1946, 52, 471. 

5 Saliyun, M., Beard, P., Sciraltz, E. M., Snow, 
J., and Cross, E., .7. Infect. Vis., 1930, 58, 2S. 


says, the strain was inhibited bj' 1 .6 y per ml 
or less of streptomj'dn. 

The results of one set of experiments are 
shown in Fig. 2. The bactericidal action 
of streptomi'dn was related, in general, to 
the concentration of organisms. Bacterial 
suspensions of 1000 per ml or less were 
sterilized in 3 hours by 25 y per ml of strep- 
tomycin; suspensions of 10 million or more 
cells per ml were not affected by this con- 
centration of streptomjxin in the same time 
interval. Intermediate numbers of organ- 
isms were affected proportionately'. The ac- 
tidti' of 50 y per ml of streptomy'cin was 
greater and that of 10 y per ml was corre- 
spondingly' less than the effects indicated 
with 25 y per ml. The amount of strepto- 
mycin required to sterilize a resting suspen- 
sion of E. coli within 3 hours was approxi- 
mately' 25 times as great as the bactericidal 
concentration for a similar number of or- 
ganisms incubated in heart-infusion broth. 

An attempt was made to increase the re- 
sistance of E. coli by repeated exposure of 
resting organisms to subletbal concentrations 
of streptomycin, .\fter growth in heart- 
infusion broth the organisms were washed 
twice, resuspended in Ringer’s solution con- 
taining 10 y per ml of streptomy'cin, and 
incubated for 3 hours at 37'’C. A loopful 
of the bacterial suspension was then streaked 
on an agar plate. .A.fter incubation the growth 
from the agar was again washed and resus- 
pended for 3 hours in Ringer’s solution con- 
taining 10 y per ml of streptomycin. This 
procedure was carried out through 12 pas- 
sages. A control strain was treated in an 
identical manner except for the omission of 
streptomy'cin. At the completion of the se- 
ries, both strains were tested for resistance 
to streptomycin. Neither e.xhibited any in- 
creased resistance to the bactericidal action 
of streptomydn, as compared with unexposed 
control strains, when tested in the resting 
state or when incubated in heart-infusion 
broth. These results, which are in agree- 
ment with the reports of o±ers, suggest a 
difference in the mode of action of strep- 
tomy'cin on resting and on multiply'ing or- 
ganisms. 

To further elucidate the mechanism of the 
mode of action of streptomycin, obseivations 
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i’jG. 3. 

Kato of Rrowtii of K. jniciimoniar in lioarf-iiifiision broth of 37°C 
in iirosi'iu'" of bnctcriciclni, baefcriostiitic, and subinhibitory concentra- 
tions of streptomycin. Xuinbers inclicaic 7 per ml of .streptomycin. 


were made of the behavior of a strain of 
bacteria made resistant to streptomycin and 
subsequently exposed in the resting state to 
the antibiotic. .Accordingly, the stock strain 
of £. call was made resistant by repeated pas- 
sage in increasing concentrations of strepto- 
mycin in trj-ptose-phosphate broth. After 
12 daily passages, the organisms grew freely 
in 150 7 per ml of streptomjxin. The re- 
sistant organisms were then suspended in 
Ringer's solution and e.xposed to streptomycin 
by the procedure already described. A rep- 
resentative result is shown in Fig. 2. This 
strain was completely resistant to 25 y per 
ml of streptom3xin — an amount of strepto- 
mycin which was bactericidal for a similar 
number of nonresistant organisms. The 
mechanism of bacterial resistance to chemo- 
therapeutic agents is presumed to be in- 
timately related to the mechanism of the an- 
tibacterial action of such drugs. These re- 
sults, therefore, suggest that the mode of ac- 
tion of streptomycin on nonmultiplying or- 
ganisms is essentially similar to its action on 


multiplying organisms. 

E^ect of Snbinhibitory Concentrations of 
Streptomycin on Rate of Growth. On the 
basis of in vivo studies in mice, the sugges- 
tion was advanced that subinhibitory con- 
centrations of streptomycin might have a 
stimulatory effect on the rate of growth of 
E, typhosa.^ This possibility was investigated 
in vitro using a stock strain of K. pneumoniae. 
The organisms were grown overnight in heart- 
infusion broth, suitably diluted, and inocu- 
lated in broth containing various amounts 
of streptomycin. E.vplants in tryptose-phos- 
phate agar were made at intervals after in- 
cubation at 37°C, and the subsequent growth 
of colonies counted. The results of 2 e.x- 
periments are shown in Fig. 3. With this 
strain of bacteria, O.S 7 per ml of strepto- 
mycin was bactericidal in 3 hours, and O.I 
and 0.05 7 per ml were moderately or slight- 
ly bacteriostatic. Lesser concentrations of 
streptomycin did not appreciably modify the 
rate of growth of the organisms as compared 
with the drug-free controls. Colony counts 
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on espiants made at hourly intervals during 
the early phases of growth likewise yielded 
no er-idence of an initial stimulus to the rate 
of growth from the presence of subinhibitorv’ 
concentrations of streptomycin. 

Comment. The morphological changes in 
bacteria resulting from streptomycin appear 
to be less marked than those which occur 
with exposure to penicillin.*^® Like the lat- 
ter, however, they occur with concentraUons 
of streptomycin which are onlj- slightly bac- 
teriostatic. Alterations in morphology are 
not regularly associated with bacteriostasis. 
The growth of all of the organisms studied 
was inhibited by streptomycin, in concentra- 
tions varvdng between 1 and 30 -/ per ml, 
but only a few strains exhibited abnormal- 
ities in size and shape. 

Because of its pronounced effect on bac- 
terial morpholog}’, as well as its failure to 
sterilize nonmultiplying cultures, penicillin is 
presumed to interfere directly with bacterial 
fission. In the case of streptomycin it is 
suggested that the obsen'ed morphological 
changes may be secondarx'^ effects resulting 
from disturbances of intermediaiy metabol- 
ism rather than primary effects on fission. 
Such an hypothesis is also consistent with 
the observed bactericidal action of strepto- 
mycin on resting, nonrauUiplxdng cells. 

The failure of resting cells to develop re- 

® G.TrdBer, A. D.. Saltire, 140. S37. 

r MiJler, C. P., Seott. W. W.. and MooUer. V.. 
J. Am. Med. .-Issn.. 1944, 123, 607. 

s Thomas. A. K., and Levine. M.. J. Baet.. 1945. 
40, G23. 

0 Alturc-Werber, E.. Lipseldtz, R., K.asJnlan. F., 
and Eosenbiatt, P.. J. Bad- 1945. 50, dOl. 


sistance to streptomycin and the greatly in- 
creased concentrations of antibiotic required 
to effect sterilization in the resting state, 
as contrasted with the multiplying state, sug- 
gest that streptomycin may act on a different 
locus or by a different mechanism under the 
2 conditions of study. Howex’er, cells made 
resistant to streptomycin under conditions of 
growth are also resistant in the resting state. 
This obsen'ation appears to support the view 
that the mechanism of action of streptomy- 
cin on resting and on multiplying cells is 
fundamentally the same, the observed dif- 
ferences in bebaxior being accounted for on 
the basis of differences in the rate of bacterial 
metabolism. 

Summary.. 1. Streptomycin in bacterio- 
static concentrations produced morphological 
changes in some Gram-negative bacilli but 
not in others. Gram-positix’e cocci were only 
slightly affected, and Gram-positive bacilli 
were not affected. 2. Streptomycin was bac- 
tericidal for E. coU in the resting state, the 
effect being related both to the size of the 
inoculum and the concentration of the anti- 
biotic. 3. Strains of E. colt resistant to strep- 
tomycin under conditions permitting groxvth 
xx’ere also resistant in the resting state, but 
exposure of susceptible strains to streptomy- 
cin in the resting state did not result in in- 
creased resistance. 4. Xo stimulation of 
the rate of growth of K. pneumoniae was ob- 
serx-ed in vitro by subinhibitorx’ concentra- 
tions of streptomycin. 

Grateful acknovrledgiaent is made to Eliz.ibetb 
W.atsoii for assistance ■with the morpliologieal 
studies. 
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Similarities in Electron Micrographs of Purified Lansing and SK 
Poliomyelitis Virus, - 

Hubert S. Lorixg. 

From the Department of Clicmistrj; ond the Softool of Medicine, Stanford Vniversiln. California. 

This note is written to correct the impres- fied SK poliomyelitis virus consists of asx-m- 
ston which was erroneously given^ that purl- metric particles of the t.vpe described ' by 

1 Luring, H. S., Xlarton, L., and Sebrfordt. C. E.. Pp.oc. 
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Card" for a strain of Theilers mouse virus. 
While this conclusion was suggested by one 
of Bourdillon’s® experiments in which an 
older dialyzed, purified preparation showed 
double refraction of flow, the results pub- 
lished by Jungeblut and Bourdillon‘ show a 
remarkable agreement between purified SK 
and our purified Lansing preparations. The 
purified SK samples in contrast to those from 

2 G.ird, S., Ai-ta .Vcft. Scatul., Siippl., 1913, 143, 
173p. 

3 Boiirdillon, J., Arch. JSiochem., 1943, 3, 2S5. 

■lJuugeblut, C. W., :iiid Boiirdillon, .T., J. Am. 

Med. A.<>^., 1943, 123, 399. 


unpurified tissue cultures showed the pres- 
ence of “spherical or elliptic bodies” having a 
diameter between 25 and 30 m/i. It is note- 
worthy that particles of the same relative 
size and shape have been obtained, there- 
fore, from 2 different strains of poliomyelitis 
virus, both of which were isolated originally 
from infectious human material. As it might 
be expected that different human strains 
would have similar physical properties, the 
results from the 2 laboratories confirm the fact 
that human poliomyelitis virus as cultivated in 
mice and in cotton rats consists of relatively 
spherical particles of about 25 m/t diameter. 
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Further Studies of Factor R.* 

L. W. Charkev,! Louise J. Daniel, Florence A. Farmer, L. C. Norsis, and G. F. 

Heuser. 

From ihc Agrictdlural Experiment Station and the Sehoot of Xiitrilion, Cornell University, 

Ithaca, F.r. 


Bauernfeind, Schumacher, Hodson, Nor- 
ris, and Heuser’ announced the existence of 
a new factor required for groivth and re- 
production in the domestic fowl. Schumacher, 
Heuser, and Norris- presented evidence that 
the factor consisted of 2 components; factor 
S precipitated from an acid solution by al- 
cohol, and factor R precipitated by alcohol 
from neutral solution. 

While tliese studies on factors R and S 
were in progress, evidence of the existence 
of a factor required for the growth of Z. 

* Ttiis work w;is sujiported in p.art by tlie cstiib- 
lisbmoiit of grants at Cornell University by tlie 
Ceropliy] Laboratories, Inc., Kansas City, Mo., Tlie 
Nutrition Foundation, Inc., New York, N.Y., and 
the Wyetli Institute of Applied Bioelieniistry, 
Pliiladclpbia, Pa. 

f Present address, Department of Chemistry, 
Colorado A. and M. College, Port Collins, Colo. 

1 Bauernfeind, J. C., Schumacher, A, E., Hodson, 
A. Z. Norris, L. C., and Heuser, G. P., Paoc. Soc. 
Exp Bion. and Med., 1938, SO, 108. 

eSehumaelier, A. E., Heuser, G. P., and Norris, 
L. C., J. Siol. Chem., 1940, 185, 313. 


case} and S. jaccalis was presented by various 
laboratories. This factor is now generally 
referred to as folic acid. Briggs, Luckey, 
Elvehjem, and Hart^ reported that chicks 
grew normally on a diet containing no more 
than 8 pg of folic acid per 100 g of diet. 
Hill, Norris, and Heuser’ concluded that fac- 
tor R was not identical udth folic acid, and 
that if folic acid was required by the chick, 
the amount needed was less than IS pg per 
100 g of diet. 

Binkley and associates® reported the pres- 
ence of vitamin Be (folic acid) conjugate in 
yeast. This substance was highly active for 
■the chick, but only slightly active for 5. 


3 Briggs, G. J[., Jr., Luckey, T. D., Elvehjem, 
C. A., and Hart, E. B., J. Biot. Chem., 1945, 
158, 303. 

* Hill, P. IP., Norris, L. C., and Heuser, 6. P., 
J. Nutrition, 1944, 28, 175. 

0 Binkley, S. B., Bird,' O. D., Bloom, E. S., 
Brown, E. A., Calkins, D. G., Campbell, C. J., 
Emmett, A. D., and Pfiffner, J. J., Science, 1944, 
100, 36. 
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faccalh and L. casci. Concentrates of this 
substance, however, became active for the 
microorganisms after enzimatic digestion. 

In view of the results of Binkley and as- 
sociates,^ further work on factor R was un- 
dertaken in this laboratorj’- to determine if 
its activity for chicks could be accounted for 
in terms of folic acid, as measured by micro- 
organisms after enzi’matic conversion of the 
conjugate to folic acid. 

While the study reported in this paper was 
in progress, Pfiffner and associates® reported 
the isolation of vitamin Be conjugate in 
cn^stalline form from yeast. The vitamin Be 
present in the conjugate was found to be 
available to the chick, and became available 
to the microorganism after digestion with 
hog kidney conjugase. 

Experhnoital . The experimental proce- 
dure consisted of treatment of factor R with 
folic acid liberating enzj-mes, determination 
by microorganisms of the folic acid in the 
treated preparations, and comparison with 
the amount of folic acid present as evidenced 
by growth and hemoglobin formation in the 
chick. 

Microbiological Work. Folic acid assays 
were made by a modification of the procedure 
of Luckey, Briggs, and Elvehjem' using S. 
faecalis. The standard of comparison was 
either sjmthetic folic acid of Angier and as- 
sociates*'® or a folic acid concentrate sup- 
plied by Dr. R. J. Williams. One fig of 
synthetic folic acid was found to be equiva- 

e Pfiffner, J. J^^lkius, P. G.. O’Doll, B. B.. 
Bloom, E. S., Broini, B. A., C-implien, C. J., and 
Bird, 0. D., Science, 1945, 102, 228. 

"Luckey, T. D., Briggs, G. M., Jr., and Elvc- 
Iijem, C. A., J. Biol. Clicm., 1944, 132, 157. 

S Angier, B. B., Boothe, .1. H., Hutchings, B. L., 
ilovrat, J. H., Semb, J., Stokstad, E, L. E., Sub- 
baBow, Y., IValler, C. IV,, Ckjsulich, D. B., F.ahren- 
bach. M. J., Hultquist, M. E., Knh, E,, Xorthey, 
E. H., Sceger, D. B., Sickels, J. P., and Smith, 
J. M., Jr.,- Science, 1945, 102, 227. 

t 'We are indebted to Lederle L.aboratorics, Pearl 
River, K.T., for synthetic folic acid, to Dr. B. J. 
Williams, 'Dniversity of Texas, Austin, Tex., for 
folic acid concentrate, to ilerck & Co., Inc., Bali- 
way, K.J., for g-pyracin, and to Anheuser-Busch. 
Inc.. St. Louis, llo., for strain S dried brewers-’ 
yeast. 


lent to 11.5 fig of Williams’ folic acid. Values, 
obtained when Williams’ folic acid was used 
as the standard, were converted to s\-nthetic 
folic acid bj- means of this factor. 

The amount of free folic acid in factor R 
was determined following either incubation 
of the sample with takadiastase and papain 
or steaming in phosphate buffer at pH 7 for 
15 minutes. Both methods of extraction 
gave comparable values. The results showed 
that there was not sufficient folic acid pres- 
ent as such to account for the growth re- 
sponse of the chick to factor R. Therefore, 
other enzmatic digestions were undertaken 
to determine the presence of potential or 
conjugated folic acid that was microbiological- 
ly inactive, but available to the chick. 

In preliminarj- work the most effective 
procedure found was one involving a 24-bour 
predigestion at 37°C with malt diastase, fol- 
lowed by a 24-hour incubation at 37‘’C with 
fresh rat liver suspension. The entire pro- 
cedure was carried out in citrate-phosphate 
buffer at pH 4.5. This treatment was ap- 
plied to factor R and to a Superfiltrol eluate 
of factor R, and consistently gave an ap- 
proximately 10-fold increase in folic acid con- 
tent. Chick .liver, in genera], was less ef- 
fective than rat liver. Increases of this order 
of magnitude still, however, did not ade- 
quately account for all the biological actiNdt}’’ 
of factor R. Hence, resort was made to the 
use of dried kidney suspension, as described 
by Bird and associates.® This procedure re- 
sulted in an approximateh’- 15-fold increase 
in folic acid content. 

Chick Experiments. Two e.xperiments were 
conducted with day-old White Leghorn 
chicks. Not less than 15 chicks were started 
in each lot. Thei- were housed in batteries 
of individually heated, well lighted pens with 
raised ivire mesh bottoms. 

The basal diet used was purified diet 653 
described by Hill, Norris and Heuser.^ 
Factor S, prepared according to the method 
of Schumacher, Heuser, and Norris,® was 
supplied at a le\'el equivalent to 5% of dried 
brewers’ yeast, and 100 ^g of 2 -methyl-3 - 

3 Bird, 0. D., Bressler, B., Brovm, B. A., Camp- 
bell, C. J., and Emmett, A. D., J. Biol. Client., 
1945, 150, G31. 
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hydro.\'y-4-carbox}’'-5 - hydroxymethylpyridine 
(/3-pyracin) were added per 100 g of "diet. 

The chicks were weighed individually at 
weekly intervals. Hemoglobin . determina- 
tions were made at the 3rd.. 4th, and 6th 
weeks in E.xperiment 1 by the colorimetric 
method of Sahli, using 0.1 N HCl to develop 
the acid hematin color, and in Experiment 2 
by the oxi’hemoglobin method developed in 
this laboratory by Robertson and Fiala,^® 
using 0.1% Na^CO;:, and measuring the color 
produced with a Coleman spectrophotometer. 

Experiment h The L. casci factor of 
Hutchings and associates,** was used as a 
standard. The sample used was appro.vi- 
mateh- S0% pure and was added at levels 
of 50, 100 and ISO /ig per 100 g of diet. 
Factor R was included at levels equivalent 
to 5, 10, and 15% of original yeast. The re- 
sults of the e.vperiment indicated that 50 to 
100 /ig of L. casci factor were needed for 
optimum growth response in the chick. Us- 
ing the same e.xperimental conditions, Robert- 
son, Daniel, Farmer, Norris, and Heuser*- 
have reported that 45 to 55 ng of S3'nthetic 
folic acid per 100 g of diet were required 
for optimum growth. Normal growth was 
obtained witJi factor R preparations that sup- 
plied approximatelj' 25 fig of folic acid per 
100 g of diet, as determined bj' S. jaccalis 
assay after rat liver incubation. 

Experiment 2. When synthetic folic acid 
became available, an e.vperiment was con- 
ducted using 10, 20, 30, and 40 /tg of folic 
acid per 100 g of diet. Factor R was in- 
cluded at levels equivalent to 3, 6, and 12% 
of original yeast. One group of chicks was 
supplied the various supplements alone, and 
a second group the supplements plus 2% suc- 
cinylsulfathiazole. When the sulfonamide 
was added, p-aminobenzoic acid was omitted 
from the diet. The results of E.vperiment 2 
are presented in Table I. 

The amount of folic acid found in factor R 

10 Robertson, E. I., .-ind Fiala, G. F., unpublislicd 
data, Cornell University, Ith.aea, New York. 

11 Uiitclnngs, E. X,., Stokstad, E, L. K., Bohonos, 

N and Slobodkin, N. H., Science, 1944, t>9, 3/1. 

K Robertson, E. I., Daniel, L. J., F.-irmer, E. A., 
Norris, L. C., and Houser, G. F., Pboo. Soc. Esp. 
Biol, axd Med., 194G, C3, 97. 


by this chick e.vperiment was approximately 
3 fig per g of original yeast. This was ob- 
tained by comparing both the growth and 
hemoglobin responses at the various levels of 
factor R to the corresponding responses caused 
b\' synthetic folic acid. Comparing the bio- 
logical and microbiological responses to factor 
R demonstrated that the microorganism was 
accounting for all of the chick activity after 
the sample had been^ incubated with hog 
kidne\% but not when incubated with chick 
or rat liver. 

No significant differences in the chick re- 
sponses to factor R between the nonsulfona- 
mide and sulfonamide diets were obtained. 
This indicated that potential folic acid in fac- 
tor R was not liberated b 3 ' intestinal bac- 
teria and that under the conditions of the 
e,vperiment no folic acid was sjmthesized by 
the intestinal flora. It appeared, therefore, 
that either the chick is able to use the folic 
acid of factor R directly, or metabolic 
processes make it available. 

Discussion. Several explanations for the 
differences in microbiological results obtained 
bj' incubating factor R with chick or rat liver 
and hog kidnej' are possible. More than one 
conjugate of folic acid ma^- be present in fac- 
tor R. If this is the case, the hog kidney 
enzyme(s) is able to break down both con- 
jugates, whereas rat and chick liver enzymes 
can split only one. 

The presence of more than one conjugate 
of folic acid in factor R is supported by the 
recent findings of Ratner, Blanchard, and 
Green.*** These investigators isolated a pep- 
tide of />-aminobenzoic acid from yeast having 
JO or 11 glutamic acid residues. In one of 
the steps in the isolation of this peptide 
trichloracetic acid was used. This treatment 
may have split the peptide from the pterin 
nucleus of the folic acid conjugate, since 
Angier and associates** brought about the 

iSR.itner, S., Bliinclinrd, JI., <ind Green, D. E., 

J. Biol. Chem., 194G, 104, G91. 

Angier, B. B., Bootlie, J. H., Hutclungs, B. L., 
JIow.Bt, J. H., Scnib, J., Stokst.id, E. L. R., Sub- 
baBow, Y., Waller, C. W., Cosutich, D. B., Fahren- 
bacli, M. J., Hultquist, M. E., Hub, E., Northey, 

E. H. Seeger, D, R., Sickels, J. P., ,and Smitli, 

J. M., Jr., Science, 1946, lOS, 667. 
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cleavage of the fermentation L. casci factor 
giving a pteridine fraction and an aromatic 
amine by using sulfurous acid, which is a 
milder treatment than that with trichloracetic 
acid. 

The vitamin conjugate of Pfiffner and 
associates/'' which is also obtained from yeast, 
has been shown to contain 7 molecules of 
glutamic acid. This evidence indicates that 
there may be at least 2 different conjugates 
in yeast. If there are 2 conjugates of folic 
acid present in factor R, it way be tliat 
there are 2 enzymes needed to split them, 
both of which are present in hog kidney and 
onljr one in rat and chick liver. 

All conditions necessary for the optimum 
efficiency of the rat and chick liver enzyme 
sj'stems may not have been met, so that 
complete liberation of folic acid from the 
conjugate was not obtained. Ever}’- effort 
was made to determine the optimum condi- 
tions for the enzyme systems involved. The 
proper concentrations of the enzymes and 
substrate were determined, as well as the 
optimum pH and temperature for the in- 
cubation. 

Hog kidney may contain an enzyme sys- 
tem that can synthesize folic acid from sim- 
ple precursors, whereas chick and rat liver 
may be devoid of such an enzyme. Many 

L"' I’/i/rntT, J. .T., Calkins, D. G., Bloom, E. S., 
and O’Dell, B. L., J. Aw. Chew. Soc.. 1940, 08, 
1392. 


bacteria, yeasts, and molds are known to 
possess enzyme systems that are able to fake 
the pyrimidine and thiazole fractions of thia- 
mine and combine them info the vitamin. 

Summary. The growth and hemoglobin re- 
sponses obtained in chicks receiving a puri- 
fied diet supplemented with factor R were 
found not to be due to the preformed folic 
acid present in factor R. 

B\’ means of chick liver, rat liver, and 
hog kidnej' incubation procedures the folic 
acid content of factor R •u’as greatly in- 
creased. This indicated the presence of po- 
tential folic acid which did not stimulate 
the growth of S. jaecalh, but which was 
available to the chick. The potential folic 
acid liberated bj’ hog kidney enzymes was 
found to account for all of the responses ob- 
tained in the chick, whereas chidi and rat 
liver enzymes were not as effective in liber- 
ating folic acid. 

The most probable e.\'planation for the 
discrepancy in the folic acid content of fac- 
tor R obtained following hog kidney and rat 
or chick liver incubations is that factor R 
is a mi.vture of conjugates of folic add rather 
than one conjugate. 

The response to factor R was not affected 
by the presence of succinylsulfathiazole in 
the diet. Conjugated folic acid appeared, 
therefore, to be available as such to the chick, 
or was made available by metabolic processes. 
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Nerve Conduction After Inactivation of Choline Esterase.* 


L. L. Boyarsky, Julian M. Tobias, and R. W. Gerard. 
From the Department of PhysioXogy, The University of Chicago. 


Gilman reported in February’, 1946^ that 
di-isopropyl fluorophosphate (DFP) could 
block conduction in a stretch of frog nerve 
dipped in it; but that conduction returned 
on lifting out th e nerve. Despite this “re- 

• The present investigation w.is aided br a gr.ant 
from tlie Dr. Wallace C. and Clara A. Abbott 
Memorial Fund of the University of Clneago. 


versibility” of the block, the choline esterase 
(Ch.E.) was left inactivated. Objections 
were raised to the conditions of these experi- 
ments (atypical action potentials, manner of 
obtaining reversal, low frequency of stimula- 

1 TXie Physics and Chemistry of Uerve Conduc- 
tion, New York Academy of Sciences Symposium 
Jtlonogrn pJi, in press. 
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tion, small CO2 values in the manometric 
determination of Ch.E., inactivation of 
Ch.E. at the time of grinding of the nen^e, 
etc.). 

A few weeks later, at the Federation sym- 
posium, succeeding papers by Cresdtelli, Gil- 
man, et and by Rothberg, Nachman- 

sohn, et were the basis for an extensive 

further discussion. The former reaffirmed 


their findings, with added details; the lat- 
ter reported that DFP depressed action and 
Ch.E. in parallel, and that both recovered 
in parallel on removing the drug, in squid 
nerve. The attention of other workers was 
invited to this axperiment which, with other 
evidence (Gerard^), seemed potentially con- 
clusive as to the role of A.Ch. in neiv^e con- 
duction. 



Pjg. 2. 

Left trace initial ; right trace after 5 hours in 3 mM OT'P. Bead B to L. Con- 


duction distance to first electrode 10 mni; 
electrode near cut end. 

- Crescitelli, F., Koelle, G. B., and GUman, A. F., 
Fed. Froc., 1940, Ft. H, o, 172. 

3 Crescitelli, F., Koelle, G. B., and GUman, A. F., 

J. K curophy^ology, 1946, 9, 241. 


to second one 30 mm. No crush, second 


* Bothberg, IT. A., and Nachmansohn, B., Fed. 
Froc., 194C, Ft. XT, 5, 199. 

3 Bnllock, T, Bt., Grundfest, H., Nachmansohn, 
B., Bothberg, if. A., and Sterling, K., J. Neniro- 
plttisMogy, 1946, 5, 253. 
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Method. We have modified the proce- 
dures as follows. Both sciatics of a frog 
were immersed in peanut oil, containing the 
desired concentration of DFP. The nerves 
rested on stimulating and lead-off electrodes 
and were tested in place. When de.sired, 
to test reversibility, the oil was well washed 
out of the chamber and fresh oil substituted. 
Normallj', after 3 hours one nerv'e was re- 
moved from the DFP solution for Ch.E. 
assa\’, the other left in and its action po- 
tentials followed at intervals until the con- 
clusion of the assay. Hla.vimal stimuli (test- 
ed repeatedly during an experiment) were 
used at 20/sec. during the test. 

To obviate any possible objection to the 
CO^ method, Ch.E. was determined by a di- 
rect measure of the .A.Ch. at appropriate 
times after mi.xing an .A.Ch. solution with 
the homogenized nerve extract. Controls 
showed that peanut oil traces were without 
influence on rate of hydrolysis. -A.Ch. was 
assayed on the frog’s rectus with the usual 
precautions. Topical conditions were: 20 to 
SO mg of nerve homogenized in Yi cc of 
Ringer, added to 4.S cc of 4.S X 10^ M A.Ch. 
in Ringer, assayed after J4, 1, 2 and 3 hours 
at room temperature, approximately 20°C. 
At each time inter%'al aliquots of the initial 
A.Ch. solution and of each of the nerve- 
.A.Ch. suspensions were assayed for A.Ch. 
acfiv'ity.t The initial solution as assayed 
was diluted to 0.5 Y A.Ch, Br. in 4 cc Ringer. 

Results. In a preliminary series, nerves 
were followed in various concentrations of 
DFP until action potentials were abolished 
or no further change was observed in several 
hours. Fig. J shows a set of results. At 
DFP concentrations above 15 niM, the ac- 
tion potential progressiveh'^ falls, during 
hours or minutes depending on the strength 

t CoiniKirison of known niul unknown solutions at 
cacli test is important, o.sperially with DFI’ pre-srut. 
This substance, added witli I)oili'd or iinboilod nerve 
but not by itself, potentiafo.s the muscle response 
to known -'V.Cb. With 45 mJt DFP. the muscle 
response may be doubled; at 0 mJI tbc potentia- 
tion is around 207c; at 3 potentiation w.as 

observed. The basis of this action has not been 
adequately studied, but no further formation of 
A.Ch. is involved. 


of the solution, to zero. Such a depressed 
or inactive nerve has never shown a sign 
of recovery when washed witli fresh solvent. 
(On transfer from oil to Ringer return of po- 
tential occurred one time). At DFP con- 
centrations below IS mM, little depression 
of the action potential has been observed 
ov'er a period of 2 hours; at 3 niM, none in 
over 6 hours. 

In the critical e.vperiments, DFP at con- 
centrations of onhr 3 mM were used. Fig. 2 
shows the practicalBr unchanged action po- 
tential in a nen’e left e.xposed to 3 mM for 
5 hours while its fellow was being assayed 
for Ch.E. The latter, after 3 hours in the 
DFP, e.vhibited zero Ch.E. activity, as shown 
in Table I. That the enzyme was not in- 


TABLE I. 

A.Cli. («s '/!■ of original amount) Present After 
3 lir Incubation iritli Ground Nerve. 


Exji. 

Normal 

DFP-tTcnted 

1 

0 

90 

4} 

0 

100 

H 

0 

100 

4 

0 

100 


4 

100 

C 

14 

100 

7 

31 

8(5 


activated only during homogenization, by 
DFP previously unable to penetrate, is shown 
by an experiment in which a DFP nerve and 
a control nen'e were ground together (Table 
II). Ch.E. activity was more rather than 
less than the average of poisoned and un- 
poisoned. 

TABLE II. 


Material tested 
(after 3 hr incubation) 

Muscle response* 
(arbitrary units) 

Exj). A Exp. E 

.Substrate alone 

5.5 50 

.Sub.strate plus DFP-freated nerve 

57 55 

Substrate plus noi'inal nerve 
Substrate plus DFP and normal 

0 0 

nerves 

S 12 


'' Response is jji-oijortional to A.Ch. present. 

Conclusions. Frog nerve, e.\-posed to DFP 
in a concentration and for a time sufficient 
fullj- to inactivate its choline esterase, can 
still conduct impulses with entirely normal 
action potentials. Ch.E. is not essential to 
nerve conduction. 
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Lewis R. Day. (Introduced b}' Henn- N. Harkins.) 
l^rom file Sc7iool of Medicine, Johns JlopVins Vnitersitt/. 


For many years it has been knonm that a 
certain strain of snnne demonstrates an ab- 
normalit}? of blood coagulation similar to that 
found in human hemophiliacs. The genetics 
of this abnormality and its meclianism have 
been extensively studied.^'® 

Working with this strain of swine, Muhrer, 
Bogart and Hogan^ have developed a method 
of testing platelet fragility. It is the pur- 
pose of the present study to determine (1) 
whether the method is applicable to the de- 
termination of platelet fragility in man, and 
(2) whether human platelets react similarl 5 ' 
to those of swine. 

The method resembles that used for test- 
ing erythrocyte fragility. Platelet-rich plas- 
ma is obtained by moderate centrifugation 
of whole blood, drawn with special precau- 



% SALINE ADDED ORIGINALLY 

Effect of saline solutions on clotting time of 
normal platelet -rich plasma; reaction taking place 
in 0.9 Ct saline. 

1 Hogan, A. G., iruhrer, II. E., and Bogart, B., 
Pnoc. Soc. Exp. Bioi.. ax» Mat)., 1941, 48, 217. 

- Bogart, B.. and ilulirer, JI. E., J. Ucred., 1942, 
.'53, 59. 

3 Mulirer, II. E., Hogan, A. G., and Bog.arf, B., 
J. FhysioL, 1943, ISC, 355. 

^ Muhrer, il. E., Bogart, E., and Hogan, A. G., 
,hn. J. Physio}., 1944, 141, 449. 


tions to minimize trauma to the formed ele- 
ments. The blood is drawn through a 
petrolatum-lined No. 20 IMcCrae needle di- 
recth' into cold parafinned centrifuge tubes 
containing sodium citrate. This plasma is 
added to various hjpotonic saline solutions, 
recaicified, and the time of coagulation meas- 
ured. It is assumed that the mechanism of 
coagulation is the classical 2-stage process 
postulated by most workers in the field, and 
that coagulation time is quantitativeb' related 
to the speed of thrombin formation, which is 
in turn directly dependent upon the amount 
of thromboplastin released b\' platelets. One 
assumes further that if platelet-rich plasma 
e.xposed to fajpiotonic solutions clots faster 
than normal plasma, this is due to a more 
complete lysis of platelets. Conversely, if 2 
different specimens, after similar exposure to 
saline solutions of the same toniciW, have 
different clotting times, there is presumably 
a difference in platelet fragility. 

Critique oj Method, (1) To determine 
whether the effect of the hrpiotonic solutions 
was on some phase of the dotting mechanism 
other than the platelets, the specimens, after 
exposure to the various saline solutions, were 
all brought up to 0,9% NaCl, prior to re- 
calcification. Under such circumstances, 
clotting occurred in a normal saline solution. 
-As is shown in Fig. 1, the specimens exposed 
to h\-potonic solutions dotted faster, ec>en 
though dotting took place in a normal saline 
solution; and the more hjpiotonic the solu- 
tion, the faster was the coagulation on 
eventual recalcification. The longer the time 
of e,xposure to the hj'potonic solution, prior 
to recalcification, the more coagulation was 
accelerated. (Fig. 2). This suggests that, as 
in the case of erj'throcytes, platelets do not 
disintegrate all at once, but are slowly lysed 
over a period of about 15 minutes. 

Similar results were obtained with highly 
centrifuged spedmens (Fig. 2). Although 
smears of these plasmas showed no cells, the 
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Effect of saline solutions on clotting time of normal platelet-rich, platelet-poor, and platolct- 
frcc plasma and the effect of varying the exposure time; reactions taking place in solutions of 
varying tonicity. 


results were essentially the same. However, 
it must be assumed that they contained plate- 
lets, since when specimens were passed 
through a Berkefeld N filter, e.xposure to 
hypotonic solution no longer affected clotting 
time significantly (Fig, 2). 

These data suggest that the method as 
described b\'- Muhrer does test the resistance 
of the platelets to hypotonic saline solution. 

Platelet Fragility in Man. (2) The results 
with several norma] human specimens are 
shown in Fig. 3. These were taken from nor- 
mal healthy medical students and from white 
male patients, all of whom had apparently 
normal clotting mechanisms. 

Specimens were also drawn from a known 
hemophiliac who is 40 years old and has 
been treated at the Johns Hopkins Hospital 
since the age of 5. These results are shown 
in Fig. 3. The curves are similar to those 
obtained' in hemophilic swine, the difference 


being that in the latter the clotting time was 
reduced to normal levels by e.xposure to dis- 
tilled water, while in man the clotting time 
was shortened, but not to normal levels. 

Discussion. E.xtensive studies of the clot- 
ting mechanism in normal humans and hemo- 
philiacs to determine the fundamental ab- 
normality have evolved several theories.'’"® 
The present stud 3 '- on the resistance of nor- 
mal and hemophilic platelets is offered as 
additional but not conclusive evidence that 
the difference between hemophilic and nor- 
mal blood clotting lies in the platelets and 
not the plasma. Further study is necessary, 

G Minot, G. B., and Lee, Eoger I., Arch. hit. 
ited., 1916, 18, 474. 

0 Howell, "W. H., and Cekada, E. B., Am. J. 
PITysiol., 1926, TS, 500. 

Tpatek, A. J., and Stetson, E. F., J. Clin. Invest., 
1936, 15, 531. 

8 Kark, E., Clinics, 1943, 2, 15. 




Glycolysis of Schistosovia mansoni 


111 



% saline added 

Effect of saline solutions on clotting time of platelet-rich plasma in hemophilia 
as compared with normal; reactions taking place in solutions of varying tonicity. 


however, for it is entirely possible that the 
increased lysis of platelets by supplying an 
excess of thromboplastin serves to counteract 
some other deficiency or excess in hemophilia. 

As suggested by Muhrer, one of the chief 
drawbacks in the testing of substances active 
in reducing clotting time in hemophilia is the 
lack of suitable experimental animals. These 
findings with human blood are sufficiently 


close to those obtained with the blood of 
hemophilic swine to suggest the possibility 
that study of the latter may throw light on 
the human disease. 

I am indebted to Dr. Pliilip Wagley of the Johns 
Hopkins Hospital and to Dr. Harry Eagle of the 
United States Public Health Service for technical 
aid and advice in carrying out this study. 

Present address : Presbyterian Hospital, Chicago. 
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Effect of 2-Methyl-l, 4-Naphthoquinone on Glycolysis of Schistosoma 

mansoni.*^ 

Ernest Bueding, Lawrence Peters, .and Jean F. Waite. 

From the Department of Pharmacotogp, Westera Scserve Vniversitp School of Medicine, 

Cleveland. 

Earlier observations indicated that oxida- vival of Schistosoma mansoni^ Since schis- 
tive metabolism is not essential for the sur- tosomes have a high rate of both anaerobic 

* The work described in tliis report was done versity. 
nnder a contract between the Office of the Surgeon i Peters, D,, Welch, .A. D., and Bueding, E. un- 
General, U. S. Army and Western Reserve Uni- published data. 
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t Kindly supplied by Abbott Labor: 
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and aerobic glycolysis, studies have been 
made of the glycolytic processes and of their 
inhibition by compounds of low toxicity for 
mammalian species. 

Paired adult schistosomes were removed 
from the mesenteric or portal veins, or from 
the larger hepatic vessels of mice infested 
with S. viaiisoiii. The organisms were placed 
in a glucose-containing salt medium (0.137 
jM NaCl, 0.0027 M KCl, 0.0003 M CaCls, 
0.001 M hlgCla, 0.066 M phosphate; pH, 
7.4) or in a mixture of 40 volumes of human 
serum (previously degassed and adjusted to 
pH 7.4) and 3 volumes of O.S M phosphate 
buffer (pH 7.4). A high phosphate concen- 
tration is essential for the optimal respira- 
tion and glycolysis of schistosomes in vitro. 
Incubation was then carried out in small ves- 
sels (vol. 4 to 5 ml) in 0.8 ml of medium 
at 38. 6°C in an atmosphere of air; the con- 
sumption of oxygen was measured mano- 
metrically. The concentrations of glucose- 
and of lactic acid® in the medium were de- 
termined before and after the incubation pe- 
riod. 

The rate of aerobic glycoli'sis of schisto- 
somes was inhibited b}"^ 2 -methyl- 1,4-naphtho- 
quinone (representative results are recorded 
in Table I). Oxj^gen uptake was inhibited 
to a much smaller extent than was the re- 
moval of glucose or the formation of lactic 
acid. The concentration of 2-meth3'I-l,4- 
naphthoquinone required to produce a 50% 
inhibition of gljmolysis was about 5 times 
greater in human serum than in a protein- 
free salt medium. If schistosomes were in- 
cubated for 30-60 minutes at 38°C in the 
serum-medium, containing the naphtho- 
quinone in a concentration of 1 X 10^ M, 
and were then transferred into fresh medium 
without the quinone, inhibition of glycoU’-sis 
was maintained for a period of at least 4 
hours. As recorded in Table I, a related com- 
pound, 1,4-naphthoquinone, was somewhat 
more effective than the 2-meth\d derivative 
in inhibiting ghmolysis of schistosomes in a 
salt medium, but it was less effective in ser- 

^Somogyi, JI., /. Eiol. Chcm., 1945, 100, 61, 
69. 

3 Barker, S. B., and Summerson, W. H., .7. Eiol. 
Chcm., 1941, 138, 535. 


um. 1,2-Naphthoquinone w’as a much weak- 
er inhibitor of glycolj^sis of schistosomes 
than was 1,4-naphthoquinone or 2-methyl- 
1, 4-naphthoquinone. Furthermore, 3-methox\-- 
2-metlijd-l,4-naphthoquinonef and substitut- 
ed 3-OH-naphthoquinones were much less 
potent inhibitors of gljmotysis of 5. mansoni 
than was 1,4-naphthoquinone or 2-meth3d-l,4- 
naphthoquinone. It appears, therefore, that 
introduction of a hj’-droxj-- or a methoxy- 
group in position-3 decreases markedN the 
activiU' of a naphthoquinone against schisto- 
somes in vitro. 

When mice infected with schistosomes 
were fed a diet containing 1 to 1.5% 2- 
meth}d-l,4-naphthoquinone for one week 
and, during this period, were injected intra- 
peritoneallj’’ with subcurative doses of sodium 
antimonjr III-biscatechol-2,4 disulfonate 
(“Fuadin”) (7.5 mg/kg ever}' 8 hours for 
5 days), the schistosomes removed from the 
livers of these mice showed a markedly de- 
creased rate of glycolysis, as indicated by 60 
to 90% reduction of glucose removal and of 
lactic acid formation. Furthermore, the com- 
bined administration of the antimonial com- 
pound and the quinone resulted in the com- 
plete disappearance of the schistosomes from 
the mesenteric veins and in many cases from 
the portal vein of the host. The adminis- 
■t r a t i o n of 2-methyl- 1,4-naphthoquinone 
alone, or of “Fuadin” alone, resulted in a 
much smaller decrease in the glycolytic ac- 
tivity (10-20%) of the parasites and did not 
lead to the exodus of the worms from the 
mesenteric veins. 

Conclusions. 2-jMethyl-l ,4-naphthoquinone 
markedl}' inhibits aerobic glycolysis of 
Schistosoma mansoni in vitro. Since glycoly- 
sis, rather than oxidative metabolism, ap- 
pears to be essential for the survival of these 
organisms, and since the to.xicit}' of 2-meth}']- 
1, 4-naphthoquinone for mammalian species 
is low, the effect of this compound in experi- 
mental schistosomiasis has been studied. Re- 
sults in mice suggest that the compound mai- 
act synergistically with subcurative doses of 
antimonials (“Fuadin”). 


t Kindh- supplied by Dr. C. Colwell of The 
Vclsicol Corporation, Cliic.ngo. 
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A Practical Method for ‘Routine Hlood Cultures in Brucellosis. 


Itl. Ruiz Castaneda. 

7'Vom ihr Vrpnrtmcni of Mrdicnl Veumrch, Hospital General, Hmicn, H.F. 


Various methods have been used in our 
laboratorv for the isolation of Brucella organ- 
isms from the blood of patients. Only a minor 
proportion of the cultures are positiv'e since 
we are dealing with unselectcd cases which 
include patients with other diseases; and be- 
cause on the brucellosis cases serial blood cul- 
tures arc performed during the course of the 
disease. The time-consuming bacteriological 
procedure and the waste of material entailed 
in such a large percentage of negative cultures 
made it advisable to look for other dependable 
methods for the, detection of positive blood 
cultures avoiding troublesome secondary bac- 
teriological transplants. The method as de- 
vised also minimizes the handling of possibly 
infective material, since such handling has 
proved dangerous to the technician who sooner 
nr later becomes infected with the melitensis 
strain. Various procedures were investigated 
and the one described below has gi\'en the 
most satisfactory results. 

The medium used is prepared with bacto- 
tryptose. The formula follows: 


B.nctotryptose 2.0 p 

Sodium cliloridD 0.5 ” 

.Sodium cifr.ife 0.3 ” 

Ap.ir 3.0 ” 

Distilled water 100 ml 


Fifteen ml of the medium are placed in 100 
ml flat-sided, rectangular bottles. The mouth 
of the bottle (about I'/i cm in diameter) is 
covered with thick paper and sterilized at 15 
lb for 15 minutes. The bottles are placed on 
their sides so that the agar sets on one of the 
narrow sidewalls forming an even, transparent 
layer. The paper is then lifted, using 
aseptic technic, and 10 cc of bactotryptose 
broth are added. The flask is then closed 
with sterile rubber stoppers and the bottle 
again covered with the same paper cap. The 
broth contains 2% bactotryptose and 2% 
sodium citrate and is sterilized in separate 
containers at IS lb for IS minutes. The air 
within the bottles can be replaced by suitable 
mixtures of COo and air by any mechanical 


device which avoids contamination of the 
double medium. 

Before using this double medium, tests for 
sterilit}" are made at 37 °C for 3 or 4 days. 
The agar surface is wet by the broth at 24- 
hour intervals. 

The double medium may be inoculated with 
10 cc of blood, the patient usualh^ being bled 
with a 20 cc autoclave-sterilized syringe. The 
needle is inserted through the rubber stopper 
after the careful removal of the paper cap. 
The mixture of blood and broth is spread over 
the agar layer for a moment and the bottle 
incubated in a v'ertical position at 36‘’C. 
Every other day the broth is allowed to flow 
over the agar layer and the bottle replaced in 
the incubator, again in a vertical position. 

Results. When the agar layer shows col- 
onies after 24-48 hours, it is likely that the 
culture has been contaminated. When the 
colonies appear 24 or 48 hours after the second 
inoculation, the cultivated organism has usu- 
ally been found to be a Salmonella, less fre- 
quent J.v Staphylococcus or Streptococcus, but 
may' be Brucella. Positive cultures of Brucella 
are detected more frequently after the third 
agar inoculation, that is on the si.xth day of 
cultivation. After 20 days the negative cul- 
tures may safely be discarded. The number 
of colonies and time of their appearance on 
the agar layer vary from one case to another 
and serve as a good indication of the intensity 
of the bacterieniia. Serial cultures performed 
twice a month have been of assistance in 
roughly estimating the course of the bacteri- 
emia. During the acute phase of the disease 
the early appearance of innumerable colonies 
is the usual finding. In the chronic phase 
when positive, the culture shows few or some- 
times a single colony in 10 or more days. 

The colonies of Brucella are clearly seen 
through the agar layer and are easily trans- 
ferred for further studJ^ With some experi- 
ence one may differentiate them from con- 
taminants, Salmonella and other organisms. 

We consider that the ease with which posi- 
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live cultures are detected and the reduction 
of bacteriological manipulation and material, 
plus the increased safet3’^ to the technician, 
compensate for the trouble taken in the prep- 
aration of the double medium. Furthermore, 
the technician in charge of identification of 
the organism receives onlj^ positive cultures 
and need not be warned about careless handling 
of the material. The possibilities of accidental 
infection are therebj" reduced. The increase 
in the proportionate amounts of agar in the 
solid medium is necessary in order to prevent 
the deterioration of the agar layer. The 
rather high citrate content is intended not onlj' 
to prevent clotting of the blood but also to 
reduce the phagocj’tic activity of polymorpho- 


nuclear leucocytes to a minimum. It is 
thought that the ease with which the Brucella 
colonies appear on the agar lai^er is due at 
least in part to the absence of plasma, thus 
reducing the bactericidal effect. 

The 100 cc bottles have been found suitable 
for inoculation with 100 ml of blood. How- 
e%'er, 200 or even 500 ml bottles ma}"^ be used 
if one desires to culture larger amounts of 
blood. 

Summary. A double medium for blood cul- 
tivation in brucellosis is described. The 
method saves time and material by avoiding 
transfers and affords increased safetj’^ against 
accidental infection to the personnel. 
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Hematologic Effects of Pteroylglutamic Acid (Folic Acid) in Man.* 

Grace A. Goldsmith. (Introduced by John H. Musser.) . 

From the Department of Medicine, Tuiane Vniversity School of Medicine, l^ew Orleans, La. 


Pteroylglutamic acid, commonh’’ known as 
folic acid or L. casei factor, has been shown 
b\' several groups of investigators to be an 
effective hematopoietic substance in human 
macrocj'tic anemia.^"'^ Since 1945 when sjm- 
thetic pteroylglutamic acid became available, 
23 patients Mth macrocytic anemia have been 
treated with this material in our clinic. The 
findings obtained in 15 patients during the 
first few months of therapj^ have been re- 
ported.'*'^'® Five patients have now been fol- 


* This research was supported by grants from 
the Nutrition Foundation, Inc., and tlie United 
States Public Health Service. Pteroylglutainic 
acid was furnished through the courtesy of Lederle 
laboratories. 

1 Spies, T. D., J. Am. Med. Assn., 1946, ISO, 474. 
- Darby, W. J., Jones, Edgar, and Johnson, 
N. C., J. Am. Med. Assn., 1946, 130, 7S0. 

3 Moore, C. T., Bierbaum, 0. S., lY eleh, A. D., 
and Wright, L. D., J. Lab. and Clin. Med., 1945, 

30, 1056. 

■f Goldsmith, G. A., Fed. Froc., 1946, 5, 232. 

Goldsmith, G. A., Science, 1946, 104, 439. 

•' Goldsmith, G. A., J. Lab. and Clin. Med., 1946, 

31, 1186. 


lowed for approximately' one 3'ear and 2 addi- 
tional patients for over 6 months. In each 
instance, the clinical and hematological im- 
provement which followed the administration 
of pteroydglutamic acid has been maintained. 

Seventeen of the 23 patients studied were 
benefited by' therapy'. Hematologic findings 
at the initial and most recent visits to the 
clinic, and the amount and method of admin- 
istration of pteroylglutamic acid are given in 
Table I. In all patients with pernicious 
anemia and nutritional macrocytic anemia 
there was a marked increase in the ery'thro- 
cy'te count, in hemoglobin and in the volume 
of packed red blood cells. In patients with 
sprue the blood picture was affected in only' 3 
of 5 cases. However, each patient improved 
in other respects including relief of glossitis 
and diarrhea, gain in weight, better absorp- 
tion of nutrients from the intestinal tract as 
indicated by the glucose tolerance test, and 
diminution in steatorrhea. In one patient 
with cirrhosis of the liver there was a slight 
increase in the blood count after pteroyl- 
glutamic acid was administered while in 5 
patients with macrocy'tic anemia of varied 



A Practical Method for Routine Blood Cultures in Brucellosis. 

il. Ruiz Castaneda. 

rrnm the Vrimrtvicnt of ^ledicnl natearch, Jloiipilal General, Mexico, V.F. 

\ arious methods have been used in our device which avoids contamination of the 
laboratory for the isolation of Brucella organ- double medium. 

isms from the blood of patients. Only a minor Before using this double medium, tests for 


proportion of the cultures are positive since 
we are dealing with unselected cases which 
include patients with other diseases; and be- 
cause on the brucellosis cases serial blood cul- 
tures are performed during the course of the 
disease. The time-consuming bacteriological 
procedure and the waste of material entailed 
in such a large percentage of negative cultures 
made it advisable to look for other dependable 
methods for the, detection of positive blood 
cultures avoiding troublesome secondarj' bac- 
teriological transplants. The method as de- 
vised also minimizes the handling of possibly 
infective material, since such handling has 
proved dangerous to the technician who sooner 
or later becomes infected with the melitensis 
strain. \'arious procedures were investigated 
and the one described below has given the 
most satisfactory results. 

The medium used is prepared with bacto- 
trt'ptose. The formula follows: 


B.'ietotryptosc 2.0 g 

Sodium chloride 0.5 ” 

.Sodium cifr.ate 0.5 ” 

.\gtir 3.0 ” 

Distilled w.-ifer 100 ml 


Fifteen ml of the medium arc placed in 100 
ml flat-sided, rectangular bottles. The mouth 
of the bottle (about cm in diameter) is 
covered with thick paper and sterilized at 15 
lb for 15 minutes. The bottles are placed on 
their sides so that the agar sets on one of the 
narrow sidewalls forming an even, transparent 
layer. The paper is then lifted, using 
aseptic technic, and 10 cc of bactotryptose 
broth are added. The flask is then closed 
with sterile rubber stoppers and the bottle 
again covered with the same paper cap. The 
broth contains 2% bactotryptose and 2% 
sodium citrate and is sterilized in separate 
containers at 15 lb for 15 minutes. The air 
within the bottles can be replaced by suitable 
mixtures of COs and air by any mechanical 


sterilitif are made at 37°C for 3 or 4 days. 
The agar surface is wet by the broth at 24- 
hour intervals. 

The double medium may be inoculated with 
10 cc of blood, the patient usually being bled 
with a 20 cc autoclave-sterilized syringe. The 
needle is inserted through the rubber stopper 
after the careful removal of the paper cap. 
The mi.vture of blood and broth is spread over 
the agar layer for a moment and the bottle 
incubated in a vertical position at 36 "C. 
Every other day the broth is allowed to flow 
over the agar layer and the bottle replaced in 
the incubator, again in a vertical position. 

Results. B'hen the agar layer shows col- 
onies after 24-48 hours, it is likely that the 
culture has been contaminated. When the 
colonies appear 24 or 48 hours after the second 
inoculation, the cultivated organism has usu- 
ally been found to be a Salmonella, less fre- 
quently Staphylococcus or Streptococcus, but 
maj' be Brucella. Positive cultures of Brucella 
are detected more frequentlj^ after the third 
agar inoculation, that is on the sixth day of 
cultivation. After 20 days the negative cul- 
tures may safely be discarded. The number 
of colonies and time of their appearance on 
the agar layer vary from one case to another 
and serv^e as a good indication of the intensity 
of the bacteriemia. Serial cultures performed 
twice a month have been of assistance in 
roughly estimating the course of the bacteri- 
emia. During the acute phase of the disease 
the early appearance of innumerable colonies 
is the usual finding. In the chronic phase 
when positive, the culture shows few or some- 
times a single colony in 10 or more days. 

The colonies of Brucella are clearly seen 
through the agar layer and are easily trans- 
ferred for further study. With some eiqieri- 
ence one may differentiate them from con- 
taminants, Salmonella and other organisms. 

We consider that the ease with which posi- 
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live cultures are detected and the reduction 
of bacteriological manipulation and material, 
plus the increased safety to the technician, 
compensate for the trouble taken in the prep- 
aration of the double medium. Furthermore, 
the technician in charge of identification of 
the organism receives only positive cultures 
and need not be warned about careless handling 
of the material. The possibilities of accidental 
infection are thereby reduced. The increase 
in the proportionate amounts of agar in the 
solid medium is necessary in order to prevent 
the deterioration of the agar layer. The 
rather high citrate content is intended not only 
to prevent clotting of the blood but also to 
reduce the phagocytic activity of polymorpho- 


nuclear leucocytes to a minimum. It is 
thought that the ease with which the Brucella 
colonies appear on the agar layer is due at 
least in part to the absence of plasma, thus 
reducing the bactericidal effect. 

The 100 cc bottles have been found suitable 
for inoculation with 100 ml of blood. How- 
ever, 200 or even 500 ml bottles may be used 
if one desires to culture larger amounts of 
blood. 

Summary. A double medium for blood cul- 
tivation in brucellosis is described. The 
method saves time and material by avoiding 
transfers and affords increased safety against 
accidental infection to the personnel. 
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Hematologic Effects of Pteroylglutamic Acid (Folic Acid) in Man.*^ 

Grace A. Goldsmith. (Introduced by John H. hlusser.) , 

From the Department of Medicine, Titianc Vniver^ity School of Medicine, Mcio Orleans, La. 


Pteroylglutamic acid, commonly known as 
folic acid or L. casei factor, has been shown 
by several groups of investigators to be an 
effective hematopoietic substance in human 
macrocytic anemia.*--'® Since 1945 when syn- 
thetic pteroylglutamic acid became available, 
23 patients with macrocytic anemia have been 
treated with this material in our clinic. The 
findings obtained in 15 patients during the 
first few months of therapy have been re- 
ported.’’-®-® Five patients have now been fol- 


* Tliis reseaieli -was supported by grants from 
the Nutrition Foundation, Inc., and the United 
States Public Health Service. Pteroylglntamic 
acid was furnished through the courtesy of Lcderle 
I»'ibor.-<tories. 

1 Spies, T. D., J. Am. Med. Assn., 1946, 130, 474. 
~ Darby, W. J., Jones, Edgar, and Jolinson, 
N. C., J. Am. Ifcd. Assn., 1946, ISO, 780. 

3 Moore, C. V., Bierbaum, 0. S., 'SVeleli, A. D., 
and Wright, U. D., J. laib. and Clin, lied., 1945, 
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I Ooldsmitli, G. A., Fed. Proc., 1946, 5, 232. 
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lowed for approximately one year and 2 addi- 
tional patients for over 6 months. In each 
instance, the clinical and hematological im- 
provement which followed the administration 
of pteroylglutamic acid has been maintained. 

Seventeen of the 23 patients studied were 
benefited by therap}'. Hematologic findings 
at the initial and most recent visits to the 
clinic, and the amount and method of admin- 
istration of pteroylglutamic acid are given in 
Table I. In all patients with pernicious 
anemia and nutritional macrocytic anemia 
there was a marked increase in the erythro- 
cyte count, in hemoglobin and in the volume 
of packed red blood cells. In patients with 
sprue the blood picture was affected in only 3 
of 5 cases. However, each patient improved 
in other respects including relief of glossitis 
and diarrhea, gain in weight, better absorp- 
tion of nutrients from the intestinal tract as 
indicated by the glucose tolerance test, and 
diminution in steatorrhea. In one patient 
with cirrhosis of the liver there was a slight 
increase in the blood count after pteroyl- 
glntamic acid was administered while in 5 
patients with macrocytic anemia of varied 
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Efloct of rtoroylghitamie Acid on the Blood Picture in Jlaer oeytic Anemia, 
llcnmtologic fw(Viitgs 
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IJI — Intramuscular administration; O — Oral adiiiiiiistralion; D — D.ays; M — Months; Hct — Heinato- 
crit-volumc of packed erythrocytes 
' Celiac disease, 
t Therapy interiiiittont. 

{ Therapy omitted for 1-2 months after this period of treatment. 

^ This dosage administered 3 times weekly. 

This dosage administered every 4 days. 


etiology there was no appreciable change (2 
had aplastic anemia, one each, anemia asso- 
ciated with regional ileitis and my.vdema and 
one anemia of unknown origin). 

The hematologic effects of pteroylglutamic 
acid closely resembled those obtained with 
liver extract. Within 2 to 6 days after therapy 
was instituted the percentage of reticulocytes 
in the peripheral blood increased, a maximum 
rise being attained in 5 to 14 days. When 
pteroylglutamic acid was given orally the 
increase in reticulocytes was similar to that 


which is usually observed when optimal 
amounts of liver extract are administered; 
when given parenteralh' the increase in reticu- 
locytes was usually less than this (Fig. I). 
During the first few days of treatment hemo- 
dilution occurred and edema -was found on 
physical e.\amination. The erythrocyte count, 
percentage of hemoglobin and the volume of 
packed red blood cells began to rise 7 to 10 
days after therapy was instituted. The 
increase was rapid during the first month and 
then gradual until normal or slightly sub- 
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'Reticulocuiie Response to Pterou l^ lutamic Ac id 

a-cLriainistered- oralli.] andparenterally 
^ ^ to patients uJitH macrocptic anemia. 



Fig. 1. 

Tlie amount of pteroylglutnmic acid giren p.arenteraily was 15 mg or more daily; the oral 
dose in the four patients with a reticulocyte response above 159r ivas 5 to 10 mg daily. 


normal levels were reached. The nionthlv 
er 3 'throcyte counts for 7 patients who have 
been followed for over 6 months are given in 
Table 11. The maximum rise occurred by the 
third month in most instances and this level 
has been maintained essentialh' unchanged. 


The count has remained below 4.5 million in a 
majoriti' of the patients in spite of intensive 
treatment. This may indicate a difference 
between the effects of pteroylglutamic acid 
and of liver extract. 

A dose of 5 mg of ptero 3 dglutamic acid daih’' 


TABLE TI. 

Erythrocj’tc Count in Patients with ILoerocrtie Anemia During Treatment with Ptcrovlglutamic 

Acid. 


Se.v 

Race 

Initial 

count 


Er.vthrocyte count (millions per mm3) monthly intervals 

'i 
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xy.F.* 

2.31 

2.92 

3.00 3.12 3.40 

3.93 4.0 4.1 

4.21 

4.0 

4.0 

3.S 

4.0 4.0 

5y.F. 

2.3^** 

3.7 

3.7T 4.01 4.2 

4.0 4.1 

4.4 






* Therapy intermittent during first 5 months. 

Ajnount of pteroylglutamic acid administered and changes in therapy are indicated by 
numerals as follows: (0) no ther.apc-; (1) 5 rag daily: (2) 15 rag daily;' (3) 30 mg daily: 
(4) 120 mg daily for 5 days then 30 mg daily for 2 weehs; (5) iron added to therapy: (G) 40 
mg three times weehly; (7) 100 mg daily for 1 week then none for 1 month. 
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Mold Filtrates Inhibitory to Brucella 


appeared to be approximately as effective as 
were larger amounts in producing reticulo- 
cytosis and an increase in erythrocyte count. 
The administration of 30 mg daily did not 
cause significant improvement over that seen 
with IS mg a day (cases 4-5-6, Table II). 
However, the only patient (Case 3) whose 
red cell count reached 5 million was given 
very large amounts of pteroylglutamic acid 
initially. The 7 patients who have been fol- 
lowed for prolonged periods have received 
only 5 mg daily for the past 3 to 6 months. 
During this time the erythrocyte counts have 
remained essentially constant. This dosage 
seemed to be sufficient and may be more than 
the minimal amount needed for maintenance. 

The initial leukocyte count was low (less 
than 3500 per mnv'’) in 6 patients included 
in this study. In each instance there was a 
return to normal when pteroylglutamic acid 
was administered and the percentage of granu- 
locytes increased. The rise in white cells 
began during the first week of therapy and 
reached a maximum in 1 to 3 weeks. 

The bone marrow was studied in most of 


the patients treated with pteroylglutamic add 
and showed a rapid return to normal. In 
pernicious anemia the marrow is hj'perplastic, 
megaloblasts being the predominant cell. In 
one patient in whom serial studies were under- 
taken, megaloblasts had decreased in number 
at the end of 5 days and were rarely observed 
at the end of 2 weeks. In patients with nutri- 
tional macrocytic anemia the marrow was at 
times hyperplastic and at others hypoplastic. 
The predominant cell was the megaloblast in 
some instances, the normoblast in others. 
Regardless of the findings prior to therapy, 
the bone marrow became normal within 4 to 
6 weeks. 

Conchtsion. The administration of pteroyl- 
gliitamic acid was followed by definite im- 
provement in 1 7 of 23 cases of human macro- 
cytic anemia. The hematologic effects of 
pteroylglutamic acid closely resembled those 
of liver extract but differed in that oral ad- 
ministration was equally or more effective 
than parenteral and that restoration of the 
blood picture to normal was often incomplete. 
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Antibiotic Activity of Certain Molds Against Brucella* 

Grace Beal.* (Introduced by S. A. Koser.) 

from the Department of ^fc(^icinc and the Department of Dactcrioloffy and Farasiiology, 

The Dniversity of Chicago. 


Although a number of mold antibiotics have 
been described, ' few reports indicate activity 
against Brucella spp."-^ The ineffectiveness 
of penicillin against bacteria of this group was 
early recognized,' and this observation has 
received repeated confirmation. Despite the 
demonstration of inhibition of Brucella by 
high concentrations of penicillin,'’-® resistance 
of these organisms is so great that the drug 

* Aided by a. gr.-mt from Swift and Company, 
i Tile early part of this study was made at The 
Brucellosis Eescarch Labor.atory, Clayton Founda- 
tion, The University of Texas. 

iWahsman, Selman A., Microhiat Antagonism 
and Antibiotic Substances, The Commonwealth 
Fund, 1945. 

eKocholaty, Walter, J. Fact., 1942, 44, 409. 


has been successfully used in concentraffons 
of 2-S Oxford units per ml for selective isola- 
tion of Brucella from material containing 
other more sensitive bacteria.® 

Expermcnlal. In a preliminary study 202 
mold cultures,* including strains of Asper- 
gillus, Penicillium, Absidia, Rbizopus, Mucor, 
Chaetomium, Trichoderma, Sporotrichum, 

i T ’ung, Tstin, Fnoa. Soc. Fxr. Biol, and Med., 
1944, 50, 8. 

-» Fleming A., Second Int. Congress for Micro- 
biology, Eeport of Proceedings, London, 1936, 33. 
c Hobby, Gladys L., Science, 1944, 100, 500. 
CBeal, G., unpublished data, 
t Cultures were kindly made available by Dr. 
M. B. Morrow, Department of Botany and Bac- 
teriology, The University of Texas. 
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TABLE I. 


Antibiotic Activity of Certain Molds Against BrnceUa and Staplivloeoccus. 



Jlold culture 

Source of mold 

Activity of Filtrates* 

<— ' 

Brucella Staphylococcus 

ahorius 293 oureus 209 

Aspcraillus terreus Xo. 1 

Stock collection 

O- 

0 

>> 

” Xo. 2 

IS 


J- 

1 

0 


” Xo.3 

9 9 

If 

+ 

0 

>9 

” Xo.4 

11 

1 1 

+ 

+ 

ti 

sydotci Xo. 1 

>> 

99 

0 

O- 


uWuiaiis Xo. 1 

11 

19 

0 

4- 

FenicitUum carminoviolaceumtso. 1 

11 

1 1 

4“ 

-i- 


sartoryi Xo. 1 

91 

19 

-f 

"f- 

fy 

chrysogenum 

91 


6 

+ 

19 

sp., SD-1 

SoUf 


U. 

1 


9 9 

” SD-21 

91 


-h 

4- 

Aspergillus glaucus, SD-3 

99 


-f 

4 - 

11 

versicolor, SD-5 

91 


0 

4 - 

99 

terreus, SD-16 

99 


4" 

-1- 

3 9 

” SD-17 

11 


+ 

4- 

1 f 

fumigaius, SD-19 

91 


0 

-f 

' 9 9 

flavipes, SD-IC 

99 



+ 

11 

hunUcola, SD-23 

99 


-1- 

0 

91 

versicolor, SD-7 

it 


0 

-f 


‘ Filtrates of mold cultures in Czapck-Dos medium were tested against 0.1 ml of 1;10 dilution 
of bacterial culture in 100 ml tryptose — ^.1% dextrose agar. + = inlvibition; 0 = no inhibition, 
t Freshly isolated from lot inclosing Brneella-infeeted cattle. 


Pullularia, Hormodendrum, Curvularia, Hel- 
minthosporium, Stemphylium, Alternaria, 
Spondylocladium and Fusarium, were tested 
for inhibition of Br. abortus 295 (Huddleson) 
and Stafh. aureus. iMolds were grown at 
room temperature in a tryptose-0.1% de.Ytrose 
broth, pH 7.3. Metabolite samples, diluted 
in Locke’s solution, were tested for activity 
after 6, 9, 12, 19, and 26 days against Staph, 
aureus and Br. abortus by a modified cup 
method,' using 20 ml of trjptose agar seeded 
with 0.1 ml of a 24-hr culture of the test 
bacteria. One culture of Pcnicillium spinu- 
losum inhibited growth of Staph, aureus and 
one .4spcrgil{us flavus inhibited both Staph, 
aureus and Br. abortus by this method. 

Thirty-two strains of Penicillium and .Asper- 
gillus found to be inactive in the above tests 
were grown in modified Czapek-Do.v medium® 
and the undiluted filtrates were assayed 
against Br. abortus 295 and Staph, aureus 209, 

I .Abraham, E. P., Chain, E., Fletcher, C. IL, 
Gardner, A. D., Heatley, X. G., Jennings, it. A., 
and Florey, H. W., Lancet, 1941, 2, 177. 

s Hobby, Gladys L., ilcyer, Karl, and Chaffee, 
Eleanor, Proc. Soc. Exv. Biol, jcnd Jim, ISlsj 
50, 277. 


using 0.1 ml of 1:10 dilution of bacterial cul- 
ture in 100 ml trjptose agar. Filtrates of- 
cultures of nine of the molds were active 
against one or both of the bacteria. Of 24 
molds isolated from soil of an inclosure in 
which Brucella-infected cattle were kept, 10 
were found to be active by the same method 
(Table I), In some instances activity was 
slight or inconsistent. 

Alold SD-17, tentatii'ely classified as .-isper- 
gillt/s terreus, was particularly active against 
Brucella. On Czapek-Dox medium this cul- 
ture produces a tan-colored colony which is 
brown on the reverse side; microscopical}}- the 
heads are columnar, and the conidia smooth 
and globose. Further studies were made on 
cultures of this mold grown in Czapek-Dox 
broth. Active filtrates of a 14-day culture 
were wine-colored. The active material is 
found in the ether soluble fraction, is heat 
stable (boiling 10 minutes), and after partial 
purification inhibits Br. abortus hi vitro in a 
dflution of 1:64,000. 

Since citrinin is produced by a related spe- 
cies,® comparative studies have been made 
with crystalline citrinin supplied by Dr. 

0 Timomn, it. I., Science, 1942, 90, 494. 
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Timonin. The antibacterial spectra of the two 
substances are similar and the activity of mold 
SD-17 may be due to citrinin. The active 
material produced by mold SD-17 has not been 
obtained in a crystalline form, and its identity 
has not been determined. 

Sunivtary. Filtrates of 13 mold cultures 


rvere found to possess antibiotic activity 
against Br. abortus in vitro. The active ma- 
terial from one of these molds, tentatively 
identified as Aspergillus terreus, after partial 
purification, inhibited growth of Br. abortus 
in a dilution of 1:64,000. 
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In using the combination of mannitol* and 
para-aminohippurate- in renal function 
studies rve noticed discrepancies rvhich sug- 
gestwl to us that the presence of para-amino- 
hippurate (P.AH) might be affecting the 
chemical analyses for mannitol. Therefore, 
we prepared solutions containing no mannitol 
but in rvhich knorvn amounts of free para- 
aminohippuric acid (PAH.A) rr-ere added in 
varying concentrations to rvater and to sugar- 
and protein-free filtrates of human plasma 
and of urine. These solutions rvere then 
analyzed by the technic used for estimation 
of mannitol.* This involves o.xidation of 
mannitol rvith a knorvn excess of KIO^ and 
determination, b.v titration rvith thiosulfate, 
of the remaining KIO^ together rvith the 
KIO;i produced in the reaction. Fig. 1 shorvs 
the results of these analyses. It can be seen 
that for every mg % of free PAH present, 
there is an apparent mannitol concentration 
of from 0.25 to 0.30 mg %. 

* Tlic c.\peiisc.s of tins invosligntion were <lc- 
fr.ivcd in p.ort Ly a grant from tlie Life Insurance 
Medical Rescarcli I’lind to the Department of 
Pharmacology, University of Pennsylvania. 

f Besearcli Pcllow in Pliarniacology and Pcllorv 
in the Harrison Department of Surgical Research. 

t Research Pelloiv in Pharmacology. 

1 Smith, W. IV., Finhelstein, N., and Smith, H. 
IV., J. Fiol. Chem., 1940, ISo, 231. 

2 Smith, H. W., Pinkelstcin, N., Aliminosa, h., 
Cranford, B., -and Gr.ahcr, Jt., J. Clin. Invest., 1945, 
24, 388. 


In order to illustrate the extent to which 
this error can be e.\'pected to influence the 
various data of clinical interest, in a repre- 
sentative renal work-up wdth mannitol and 
PAH, we have prepared Table I. The data 
are calculated for an hypothetical patient 
based on a plasma mannitol level of 1 mg 
per cc throughout; a plasma PAH level of 
0.02 mg per cc during the "plasma flow 
period’’ and 0.75 mg per cc during the “Tm 
period.” The glomerular filtration rate is 
taken as 130 cc per min., the effective renal 
plasma flow as 670 cc per min., and the 
Tmr,vH as 75 mg per min. It is assumed 
that there is a false elevation of 0.27 mg % 
in mannitol levels for each mg % of PAH 
present. 

One study in the literature® reports the 
glomerular filtration rate (mannitol) on each 
of 2 different days (4 in 2 cases) in 23 pa- 
tients. In each instance, the mannitol clear- 
ance was done during a Tm determination 
with P.AH on one day and during a diodrast 
Tm on the other day. In the 25 pairs, the 
mannitol clearance was higher on the PAH 
day in 21 cases and lower in 4 Instances. 
The mean Cm was 9.2% higher when PAH 
was present at Tm levels than on day's when 
diodrast was used. This agrees well with 
the 10% e.xpected error listed in Table I. 

sciiasis, H„ Eedisli, J-, Goldriiig, IV., Ranges, 
H. A., and Sinitii, H. IV., J. Clin. Invest., 1945, 
24, 583. 
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MG % FR^E PAHA 
Fig. 1. 

Pnra aminohippuric acid solutions analyzed by tlie unmodified nietliod used for 
mannitol determination. 

In the same paper an attempt was made to gave a mean of 82.2 using inulin for filtra- 

establish the Tmp.\H for normal subjects. One tion rate estimation. It would seem that 

series of 10 cases gave a mean TmpAH of the normal TmpAH is probably higher than 

67.6 using mannitol to determine glomerular 77.5 (the average for the 2 series) and the 

filtration rate and another series of 21 cases standard deviation is less than 12.9. as there 

TABLE I. 

Errors in Clinicnl Data to Be Exjjected from the Unmodified Mannitol Method Mhen Used in the 

Presence of PAH. 


-Apiiarent error 



Correct 

During 

c 

During 

During 

c 

During 

Mannitol excretion (U„V) mg/niin 

130 

134 

173 

a 

30 

Plasma mannitol level (P^j) nig/cc 

1 

l.OOG l.i! 

0.0 

20 

Olomernlar filtration rate (C,,) cc/min 

130 

133 

143 

o 

10 

Max. tubular excretory capacity (Tnip^jj) mg/min 

75 


07 


10 

Filtration fraction 

0.194 

0.20 


3 


Filtration r.ate per functioning unit (C^,/Tmp^jj) 

1.9 


2.6 


40 

Effective renal plasma flow per functioning unit 

S.9 


10 


10 


l*“PAII'^^”’pAul 


See te.\t for plasma levels, etc., assumed in preparation of this table. 
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Timonin. The antibacterial spectra of the two 
substances are similar and the activity of mold 
SD-17 may be due to citrinin. The active 
material produced by mold SD-17 has not been 
obtained in a crystalline form, and its identity 
has not been determined. 

Suvivtary. Filtrates of 13 mold cultures 


were found to possess antibiotic activity 
against Br. abortus hi vitro. The active ma- 
terial from one of these molds, tentatively 
identified as Aspergillus terreus, after partial 
purification, inhibited growth of Br. abortus 
in a dilution of 1:64,000. 
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Harold G. Barker! and John K. Clark. 1 (Introduced by C. F. Schmidt.) 

I'roin the Lnhnrntory of rharnutcolopp, Vnivcr.sity of Pcnihtylvanin, Philaelelphio. 


In using the combination of mannitol' and 
para-aminohippurate- in renal function 
studies we noticed discrepancies which sug- 
gested to us that the presence of para-amino- 
hippurate (P.AH) might be affecting the 
chemical analyses for mannitol. Therefore, 
we prepared solutions containing no mannitol 
but in which known amounts of free para- 
aminohippuric acid (PAH.‘\) were add^ in 
varying concentrations to water and to siigar- 
and protein-free filtrates of human plasma 
and of urine. I'hese solutions were then 
analyzed by the technic used for estimation 
of mannitol.' This involves oxidation of 
mannitol with a known excess of KlOt and 
determination, by titration with thiosulfate, 
of the remaining KIOj together with the 
KIO;i produced in the reaction. Fig. 1 shows 
the results of these analyses. It can be seen 
that for every mg % of free P.^H present, 
there is an apparent mannitol concentration 
of from 0.25 to 0.30 mg %. 

* Till' e.xpcnscs of this investigation were de- 
fravcil in part hy .a grant from the Life Insurance 
Jlcdical Research Fnml to the Department of 
Pharmacology, University of Pennsylvania. 

1 Research Fellow in Pharmacology and Fellow 
in the riarrison Department of Surgical Research. 

} Research Fellow in Pharmacology. 

3 Smitii W. W., Finkclstein, N., and Smith, II. 
VV., ,T. Biot. Chem., I.'IIO, 135, 231. 

2 Smith H. W., Finkclstein, N., Aliminosa, L., 
Crawford’ B., and Graher, JI., J. Clin. Invent., 1945, 
24, 38S. 


In order to illustrate the e.\'tent to which 
this error can be e.vpected to influence the 
various data of clinical interest, in a repre- 
sentative renal work-up with mannitol and 
PAH, we have prepared Table I. The data 
are calculated for an hypothetical patient 
based on a plasma mannitol level of 1 nig 
per cc throughout; a plasma PAH level of 
0.02 mg per cc during the “plasma flow 
period” and 0.75 mg per cc during the “Tm 
period.” The glomerular filtration rate is 
taken as 130 cc per min., the effective renal 
plasma flow as 670 cc per min., and the 
TmrAH as 75 mg per min. It is assumed 
that there is a false elevation of 0.27 mg % 
in mannitol levels for each mg % of PAH 
present. 

One study in the literature® reports tlie 
glomerular filtration rate (mannitol) on each 
of 2 different days (4 in 2 cases) in 23 pa- 
tients. In each instance, the mannitol clear- 
ance was done during a Tm determination 
with PAH on one day and during a diodrast 
Tm on the other day. In the 25 pairs, the 
mannitol clearance was higher on the PAH 
day in 21 cases and lower in 4 instances. 
The mean Cm was 9.2% higher when PAH 
was present at Tm levels than on day's when 
diodrast was used. This agrees well with 
the 10% e.xpected error listed in Table I. 

sciiasls, H., Retlisli, J-, Goldring, W., Ranges, 
H. A., and Suiitli, H. It'., J- Clin. Invest., 1943, 
24, SS3. 
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M-argasex a. Epprighx* axd Roger J. Wieeeams. 

From ihc CJayton Biochemical InstiUiie and the Bepartmcnl of Chcmisirii, V nirerxity of Tc:ras. 

Austin. 


This Study vras undertaken as a result of 
diSiculties encountered in grordng yeast in 
a SATithetic medium in the presence of po- 
tassium ca-anide.^ Other investigators--^ have 
reported no diSicuUy in culturing Saccharomy- 
ces ccrevhtae in a medium containing the 
same concentration of cyanide, but their me- 
dia contained malt extract or yeast extract. 
Presumably the extracts supply one or more 
substances -which the yeast is unable to 
sj-nthesize -with sufficient rapiditj* in the pres- 
ence of cj-anide. Direct experiments sup- 
ported this xne-w. 

A method for quantitative study of the 
active principle or principles present in yeast 
extract -was devised, the procedure being pat- 
terned after that used in the assay method 
for biotin.-* Initially, the only modification 
in the culture medium vras the addition of a 
sufficient amount of potassium cyanide to 
give a concentration of O.OOl JT Later, 
pantothenic acid (2 mg per liter) was sub- 
stituted for ^-alanine, and cysteine {20 mg 
per liter) -was added as a supplement. The 
standard of activity was Difeo yeast extract 
which was added over a range of 0 to 10 mg. 
The test organism -was Saccharomyccs ccrc- 
visiac, F.B., and the extent of growth was 
measured turbidimetrically after an incuba- 
tion period of 13 to 16 hours at 30°C. Ta- 
ble I shows the gro-wth response of F.B. yeast 
to various levels of 3 'east e.xtracl under test 
conditions. 

A large number of known compounds in- 
cluding the B vitamins, most of the familiar 

* Pr£^5eTlt address : Poods and Xntrition Depart- 
ment, Iowa State College, Ames. Iowa. 

1 Eppright, 51. A., and XVilliams. K. J.. J. Gen. 
Pltysio!., in press. 

2 Pett, L. B., Bfoctiom. J.. 1936. 30. 143«. 

3 Stier. J. B., and Castor, J. G. B.. J. Gen. 
Physiol., 1941, 25, 229. 

< Williams. E. J., Vnir. Tcjcas Fuh., 1942, 
4237. 7. 


amino acids, various saturated, unsaturated, 
and hi’droxy acids, certain purines and 
pyrimidines, adenosine, aden\-lic acid, gluta- 
thione. sodium thioghxolate, and ascorbic 
acid were found to be inactive. Onlj- ci’St- 
eine and methionine showed an\' actmty 
and neither of these produced an etiect com- 
parable with that of I'east extract. 

None of the various source materials tested 
was as active as j-east extract, A commer- 
cial hydrolysate of casein (casamino adds) 
was found to resemble methionine in enect, 
but bj- measuring the gro-wth stimulation of 
mixtures of this preparation and x-east ex- 
tract and of methionine and j'east extract 
it was established that the actmtx' of the 
hydroh-sate did not depend solely on its con- 
tent of methionine. 

Substitution of pantothenic acid for 
B-a!anine in the test medium resulted in an 
enhanced growth stimulation by casamino 
acids. .A concentration of 10 y per tube of 
the vitamin was as effective as 100 y and 
was considerably more effective than 100 y of 
/1-alanine, If onh* 2 factors, pantothenic 
add (present in yeast extract in nonlimiting 
concentration) and some other substance 
(contained in both j-east extract and casa- 
mino acids), were involved in the rex'ersal 
of cx'anide inhibition of growth, the growth 
stimulation produced by adding yeast ex- 
tract to casamino adds in a pantothenic acid 
medium should represent an addith-e effect. 


TABLE I. 

Growth Besponse of P.B. Teast to Teas, Extract 
ip Cyanide Medium, 


Yeast extract 
added per tube, nig 

Galvanometer 

reading 

0 

5 

0.2 

u 

0.5 

22.5 

0.0 

32 


62 

10.0 

SI 
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TABLE n. 

Mannitol Becovcrics by the MocUfied Method. 


Substance to which 
mannitol and PAH 
wore added 

PAH mg % 
by weight 

Mannitol mg % 

Error 

% 

by weight 

by analysis 

"Water 

0 

10.0 

9.92 

—1 


8.72 

8.35 

8.28 

—1 


8.72 

S.35 

8.10 

—3 


10.46 

10.02 

10.00 

-t-0.04 


10.46 

10.02 

10.17 

+2 

Hrino filtrate 

10.46 

10.02 

9.92 

~ 1 

Plasma ” 

10.46 

10.02 

9.87 

—1 

f t 

77.0 

96.6 

99.0 

+3 


77.0 

9G.G 

97.7 

+1 


Eaeli recovery was run in duplicate and tlic analytic results arc tlie averages. Samples with 
like concentrations represent separate dilutions in different volumetric flasks, but from the 
same stock solutions. 


reported. 

Unfortunatelj' the o.xidation of PAH is not 
sufficiently quantitative to enable /iccurate 
correction of mannitol figures on the basis 
of that reaction. 

Acetylation of PAH was found to prevent 
its o.xidalion and it was possible to ac- 
complish this without delectable acetylation 
of mannitol taking place. 

Hydroh’sis of acetylated P.AH to free PAH 
occurs when it is boiled in the KIO4-H2SO4 
solution usually used, but this can be avoided 
by replacing the sulfuric acid with acetic acid 
in the periodate solution. The sulfate which 
persists from the CdS04-H2S04 solution used 
for precipitation of proteins does not seem 
to affect results. 

Method. A modification of the periodate- 
iodide-thiosulfate method* which we have 
found to be satisfactorj' is as follows: 1. 
Glucose is removed from plasma and urine 
samples b}' yeast fermentation and protein 
is precipitated with cadmium sulfate. 2. Du- 
plicate 2 cc samples of filtrate are pipetted 
into pyrex ignition tubes. 3. Roughly 1 cc 
of acetic anh3’dride is added from a bacterial 
pipette and the tubes are shaken several times 
during the next S or 10 minutes. 4. E.xactly 
5 cc of KI04-acetic acid solution (0.06 Gm 


KIO4 dissolved in 100 cc of 20% acetic 
acid) is pipetted into the tubes. The tubes 
are covered wiUi glass tears and boiled in a 
water bath for 20 minutes. 5. After cool- 
ing, about 0.5 cc of a 10% KI solution is 
added and the liberated iodine titrated im- 
mediately noth sodium thiosulfate, using a 
starch indicator. 

Recoveries of mannitol determined by this 
method in the presence of PAH are .shown 
in Table II. 

Summary. 1. The periodate-iodide-thio- 
sulfate tedmic for mannitol determinations 
requires revision when para-aminohippurate 
is present. For each mg % of free PAH 
present, the mannitol recovery will be falsely 
elevated by from 0.25 to 0.30 mg %- 2. A 
modification of the technic is presented by 
which mannitol can be determined in the 
presence of PAH. 5 

J A jiicthocl for mannitol estimations bas been 
advanecd^.c wliich measures quantitatively one of 
the products of the reaction between mannitol and 
periodate. The presence of PAH should make no 
difference in such n procedure if a sufficient excess 
of periodate is used. 

■t Corcoran, A. C., and Page, I. H., Fed. Froc., 
I94C, 5, 130. 

5 Page, I. H., personal communication. 
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TAEtE m. 

Grovrtli Vromnunp 'EStei of Various Jlalorials in Cvaiii'lo Jltdiam. 


ICaterial tosteil Apparent potentr 


Yeast extract (stamianl of referentc) 1.0 

Filtrate preparation O.IS 

Eluate preparation 0.07 

Co-S.'imino atids 0.20 

Yeast eitraet (1 mg) ~ filtrate fl mg f<}uivalent) 2.1 

Yeast C'ltraet (1 mg) eluate (1 mg e<)uiva!ent) 1.0 

Yeast eitraet (1 mg) -r- c-asamino acids (1 mg> 2.0 

Filtrate eluate (■couiralen* amts of each) EO 

Filtrate f I mg erjuivalent) -f- easamino acids fl mg) 0,40 

Eluate (X mg erjoiralent ; 4- easamiuo .aeid« (1 mg; X.l 

Filtrate -f* nicotinic acid (10 ^ y«rr tu!>e) 0.27 

Filtrate — ffdic acid (20-^ p>er tobe) 02!2 

Filtrate nieotinir- acid (10 » 4 - folic acid (20 yj 0.3fi 


acid other than the ones tested or that its 
effect is a composite one due to several amino 
acids. 

Even though nicotinic acid (or its amide) 
and folic acid were found to be somewhat 
stimulator}', neither individually nor various- 
ly combined did they behave in the same 
manner as did the eluate principle. 

By repeated adsorption and elution from 
charcoal, a preparation was obtained which 
was approximately 8 times as active as that 
resulting from the initial treatment of yeast 
extract. .A. 6-fold concentration of the eluate 
principle was achieved by reflujdng yeast ex- 
tract with 955c ethyl alcohol and treating 
the soluble fraction once with Darco G-60. 

Evidence indicating that the acth'ity of 
eluate preparations does not depend on a 
single substance was derived by subjecting 
the principle to electrolysis at high voltage 
in the electrical transport apparatus described 


by Williams and Truesdail.^ The active prin- 
ciple was not concentrated in a single cell 
but was distributed throughout the 4-cell sys- 
tem employed. 

Summary. Yeast e.xtract has been shown 
to reverse the inhibition of yeast growth 
caused by ct'anide. Xo known compound 
was found which duplicated the action of 
yeast extract, although methionine and (A'St- 
eine had some ■‘anti-ct'anide” activity. Ex- 
cess pantothenic acid had a beneficial effect 
on growth under certain conditions. 

It has been demonstrated that the action 
of yeast extract depends on at least 2 sub- 
stances which can be sqiarated by charcoal 
adsorption. Indirect eridence indicates that 
the activity of both filtrate and eluate prin- 
(nples is due to more than a single substarxe. 


"VTilltams, B. .1.. uud TruwAsil. -T, IT.. 4. Am. 
CUf.m. 1231, .IS. 4171. 
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X. if. SvLKiN .AND K. R. Brizzee. (Introduced by .Albert Kuntz.) 

Frf,m thr Tlrp^rtrsent of .iraUmy. St. hnuif. C't.ivn-f'iti SrUool r,f MnUrim SI Loui- 


In an investigation involving the role of 
the autonomic nerves in cardiovascular dis- 
orders it was found desirable to measure the 

* Thl« YTork rv fruiix \hf^ 


blood pressure repeatedly in rats without in- 
jury to the animals and to determine the 
effect of anesthetic agents on the blood pres- 
sure. .A survey of the literature showed that 
the apparatus used was varied and that de- 
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The results in Table II show this not to be 
the case. It appeared, therefore, that at 
least 2 factors other than pantothenic acid 
must be involved. For all subsequent tests 
pantothenic acid was substituted for /3- 
alanine in the culture medium. 

The growth-promoting effect of yeast ex- 
tract was improved by including in the medi- 
um any one of several reducing agents (as- 
corbic acid, sodium thioglycolate, glutathione, 
sodium hydrosulfite or cysteine). The op- 
timum growth stimulation occurred in the 
medium containing 20 mg per liter of cyst- 
eine. For all of the e.vperiments which fol- 
lowed this obsen'ation, the cyanide medium 
was supplemented with cysteine. 

Further investigation provided evidence 
confirming the supposition that at least 2 
substances other than pantothenic acid were 
responsible for the growth-promoting activi- 
ty of yeast e.xtract in a c.vanide medium. 
These factors could be separated by adsorp- 
tion with Darco G-60. The active material 
in the unadsorbed fraction was designated 
as the filtrate principle while that in the 
adsorbed portion which was eluted with an 
aqueous mi.xture of alcohol (40%) and am- 
monia (10%) was termed the eluate prin- 
ciple. 

Although attempts to identify the filtrate 
and eluate principles with known compounds 
were unsuccessful, some information con- 
cerning their properties was obtained. Both 
principles are soluble in 70% ethyl alcohol 
and are unaffected by autoclaving in the 
presence of normal solutions of acid and base 
or by e.xposure to light. The filtrate prin- 
ciple is partially inactivated by treatment 
Avith nitrous acid and completely inactivated 
b}' hA'drogen peroxide AA'hile the eluate prin- 
ciple is A'irtualfy unaffected by both of these 
reagents. 

The results in Table III shoAV other differ- 
ences between the filtrate and eluate prin- 
ciples. The similar behavior of the filtrate 
principle and casamino acids made it seem 
likely that the filtrate principle Avas an 
amiiio acid. However, of a number of amino 
acids tested, all Avere inactive except norleu- 
cine Avhich Avas inhibitory. The possibilities 
remain that the filtrate principle is an amino 
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TABLE I. 


Effects of Various Anesthetic Agents on Systolic Blood Pressure of the 'Wliite Eat. 



Mean, 

mmHg. 

Stand, dev., 
nun Hg. 

Eange, 
mm Hg. 

Bnanesthetized 

124.8 

7.54 

102-140 

Xembutal 

104.1 

7.7S 

86-115 

Amytal ' 

103.5 

6.01 

94-112 

Ether (shallow) 

U7.0 

4.62 

110-126 

Ether (deep) 

104.0 

4.91 

95-110 

Brethane 

78.4 

3.75 

72- 84 

Morphine 

63.9 

1.31 

62- 70 


made on each animal. If there was marked 
variation in the readings they were discarded 
and others were taken at a later time. The 
anesthetics used were given in the following 
dosages: pentobarbital-sodium (nembutal), 
4 mg/100 g; sodium isoamylethjd barbiturate 
(amytal). 4 mg/lOO g; eth}-} carbamate 
(urethane), 20 mg/100 g; and morphine sul- 
phate, 10 mg/IOO g. Ether was applied by- 
sponge. The other agents were all admin- 
istered by intraperitoneal injection. In or- 
der to test the apparatus for high blood pres- 
sure some rats were made hypertensive by 
a high tryosine diet and others were injected 
with adrenalin. .^11 the tabulations obtained 
from the observations were treated to a sta- 
tistical analy'sis. 

Rcst/Its. The experimental data obtained 
are summarized in Table I. In the unan- 
esthetized group onty one rat had a blood 
pressure as low as 102 mm Hg and only one 
bad a pressure as high as 140 mm Hg, The 
remaining animals were in a range between 
IIS and 132, Animals of 2 groups, one 
with an average weight of 140 g and the other 
with an average weight of 200 g showed no 
significant differences in their blood pres- 
sures. 

Rats that bad been placed on a lO^u 
ty-rosine diet for 2 weeks preceding their 
blood pressure determination showed a mean 
arterial systolic prKSure of 168 mm Hg. 
Those injected with 0.5 cc of l/IOOO 
adrenalin showed a rise in the sy-stolic pres- 
sure from the normal level to ISO mm Hg. 


The pressure then increased at a slower rate 
until it reached a peak of 210 mm Hg after 
which it receded to a normal level. 

IITien ether was used there was considera- 
ble variation in the blood pressure deter- 
minations in individual rats. There was a 
marked decrease in blood pressure during the 
application of the ether sponge or shortly- af- 
ter. a rise in pressure when the effects of the 
ether subsided. Experiments on several ani- 
mals indicate that there is a direct correla- 
tion between the decrease in blood pressure 
and the depth of the anesthesia. 

The markedly- lowered pressures that were 
obtained with the use of morphine and 
urethane may be explained on the basis of 
the vasodilator effects of these agents. The 
barbiturates (nembutal and amytal), accord- 
ing to Roth,’^ act as cardiac depressants in 
the white rat which may account, to some 
extent, for the decrease in blood pressure. 

Sumviary. The method of Bywom and 
Wilson as modified for this study- is well 
adapted for the determination of blood pres- 
sure in the rat. The mean arterial systolic 
pressure in the unanesthetized animal was 
found to be 124.S mm Hg. The mean pres- 
sures obtained by the use of anesthetic agents 
were as follows: nembutal — 104.1, amytal — 
103.5. ether (shallow) — 117, ether (deep) — 
104. urethane — 7S.4, morphine — 63.9 mm Hg. 


ir Eotli, G. B.. Arch, Intern, de Phnrtn. el de 
Thrrap.. 1M5. 51, 179. 
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Blood Pressure in IVhite Rat 


terminations of blood pressure were in many 
cases inconsistent. In some instances no 
mention was made of tlie anesthesia used. 

The observations of Page and Reed,^ Wil- 
liams, Harrison and Grollman,- Kempf and 
Page," and ^ledoff and Bongiovanni'* are 
somewhat in agreement. AB of their blood 
pressure determinations fall within a range 
of 100 to 140 mm Hg. Duncan, Hyman and 
Chambers'' reported blood pressure determin- 
ations from 90 to 140 in unancsthetized rats 
and from 70 to 120 in anesthetized animals. 
The studies of Telford, Swegart and Schoern*’ 
are in agreement witli those of the above 
workers, but in addition they found, in ani- 
mals one year older, a blood pre.ssure range 
between 84 and 95. Proskauer, Neumann 
and Graef' reported normal blood pressure 
readinss of 60 to 95 mm Hg. Duncan c/ a/." 
found a decrease in blood pressure within a 
range of 70 to 120 in anesthetized animals 
and BiTom and Wilson,* using etlier, ob- 
tained blood pressures from 72 to 132 mm Hg. 

Corcoran and Page,® studying the effects 
of pentobarbital-sodium on the blood pressure 
of dogs, reported an increase in blood pres- 
sure, whereas iVh'lon, Winternitz and de Suto- 
Nogy'" found that nembutal simulates a con- 
dition like shock causing a lowering in biood 
pre.ssure. Grimson, Kernodle and Hill,** 


> I’iiai’. K. \V.. and iti'cil. R.. .liii. J. Phtisiol., 
1 i:5, 

■- Williaiiis, ,1. R., llan isiiiii, T. R., aiul Grolliiiaii, 
.1. Clin. Invent.. lU.'ip, 18. a7:i, 

Kci/ijU', (J. T., aail t'lifxv, 1. tl,, .1. Lnh. and 
Chn. .Mrd., lOJc’. 27, 11!>2. 

•1 Jlcdoff, II. .S., and Boiigiovanni, A. Jl., Am. J. 
Plii/.ilrd., 1.043, 43, 297, 

Diinc.an, G. W., Hyman, C., and Cliambers, 
E. L., J. tat), and Clin. Med., 1943, 28, 88G, 

« Tetford, I. I?., Swegnrt, it. E., and Scliocrn, C., 
Am. J. Phy.tiol, 1945, 143, 214. 

T Proskauer, C. G., Neumann, C., and Graef, I., 
Am. J. PJo/siol., 1945, 143, 290. 

s Byrom, F. B., and Wilson, C. .T., J. Physiol., 
1938, !)3, 301. 

9 Corcoran, A. C., and Page, I. II., Am. 
Physiol., 1943, 140, 234. 

lOJIylon, E., Winternitz, M. G, and de Suto- 
Nney, G. J-, d. Physiol., 1943, 139, 313. 

* *11 Grimson, K. S., Kernodle, C. E., and Hill, 
H. C., J. .>1- it- *■*■< 



Blood prcssiiro apparatus: A, 0.2 mm pipette; 
B, plolliysmograjili ; C, gland, D, metal caff; 
E, rubber pre.ssure cuff. 


Studying the effects of various anesthetics 
on the blood pressure of dogs, obtained whol- 
ly inconsistent results. 

In a stud\' of spinal anesthesia in a large 
number of human cases Koster*- found that 
it lowered the blood pressure which he be- 
lieves due to a decrease in cardiac output. 

Methods. In the present study, 40 female 
white rats of the Wistar Strain weighing 135 
to 200 g were used. The room temperature 
at the time of the determinations was kept 
at 25 it 2°C. A modification of the tail 
plethj^smograph, method of Bi'rom and Wil- 
son* was used to determine blood pressure. 
It was found that the pressure cuff described 
by Griffith and Jeffers** was most suitable. 
The plethysmograph consisted of a piece of 
bent glass tubing with a bore of 1 cm and 
a 0.2 mm bacteriological pipette (Fig. 1). 

Unanesthetized rats were wrapped in a 
Turkish towel. In a short time they became 
quiescent and did not appear to be disturbed 
by the procedure. From 4 to 6 readings were 

isKostev, II., Arch. Stirp., 1942, 45, 59G. 

isGrifiitli, .1. A., and .Teffers, W. A., The Pal in 
Laboratory Investigations, 1942, J. B. Lippineott 
Co., Philn.. p. 274. * 
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15723 

A Fat-Soluble Material from Plasma Having the Biological 
Activities of Biotin. 

WlI,LIA.^r Tracer. (Introduced bt’ Carl TenBroeck.) 

From llic RoclrfcUrr Iiislitiifr for itcdicat Frsenrch, Frinct tun, A J. 


_ ft is now well established that biotin de- 
iiciency decreases the resistance of chickens 
2nd ducks to malaria parasites.’-" It also 
appears to decrease the resistance of rats to 
Trypanosoma Iru’isp and of mice to mouse 
Iiphoid.-* normal level of biotin must 
therefore be essential to the proper function- 
■tg of some general mechanism of resistance 
to infection. In the course of work directed 
toward discovering the nature of this re- 
sistance mechanism, it was found that the 
plasma of a variet 3 * of animals contains a 
previoush- undescribed material which, after 
hydrolysis by acid or enzymes, yields a fat- 
soluble substance having the biological ac- 
tivities of biotin but differing from it chem- 

’ Trapi.r, vv.. J. Erp. ilrct., 1943, 77, j57. 
aSeeler, A. O., Ott, AV. H., .-uid Gtmdel. M. E., 
Proc. Soc. E.vp. Bioi.. .CN-D -Med., 1944, r>r,, 107. 
ac.ilthvcll, P. E.. and Gydrgy, P,. Peoc. Foe. 

Biot,. AST> Med.. 1943. GG, IKL 
■•roigli'r. I. .1., GugCfnlii-ini, K., !ind Hi-rrii- 
iiOKor. H.. J. Infect. Di--.. 194(1, 78. (Id. 


ically. This material is probabl}- more in- 
timately' concerned in resistance to malaria 
parasites than is biotin itself. The changes 
in concentration which both it and biotin 
undergo in the plasma of chickens and ducks 
infected with malaria, and its effects on the 
multiplication of malaria parasites w vHro 
will be described elsewhere. It is the pur- 
pose of the present paper to present the data 
demonstrating the e.xistence of the material 
and to relate some of its biological and chem- 
ical properties. 

Of the various methods of microbiological 
assay for biotin, one of the most specific is 
that employing LactobacUIus easel? The 
L. casci assaj- has therefore been used almost 
exclusively. The medium and method of in- 

Sliull. G. M., Hutcliings, B. L., .-iiid Petorsnn, 
Vr. IL. -T. Jim. Chrm., 1949, 142, 91.3. 

« Lfiiidy, Af., nnd Piclcni, IJ. M., ,T. T.oh. nnr7 
Clin. Mnl., 1949, 27, Ifl.Sfi. 

7 IL R., .'ind Wriglit, L. IX, .1. JJiot. 

riiim., 1944. 150, 91. 





Ml,, 0.1 N NaOH 


FAT-SO'X.rBE.E Bi07IX-ACF5\-E 3 La 


131 



LOi Ksy.ZAi ci in an ■i-ssinti.TiEjT lic.-M-fre-.- m;,53n=i Si-i tLe niSitica icf 

■iiSfr'in: l^;■n^^c2:3^^.^n^ K'iz i,l)i Bii-lin rfs-c-jiS Gn? and :jriansjs?J. Am.-.nnw in a-j j>ea iO nd 
,-ctnnrr tcl>j gir.jn iw cpj.ii cnnier? cn ab-<tis5i. 2nn:-nnTj in '=3 i<f jns sra=£ni.a Kt.lin'sr.Jnlicn 
h'T i.iTtier (sSa FSF riln.-i^n Enj an-3 <in£5-i?.i. Acirnn:.? in mi ffuansfe: farm iCU ao 

ij.'i i:-5 a dilmicn <rJ a tn.'rsvn c-H ?-i::ain?3 Sacm Eir'irciTneJ hers® piasmi The inaifai-c'S 

■TCimrCis an-i idz’tUa it'.-rr. ciasr.stm-six. jaj gn'.’inn Tr5-i i tirfe ipins £ «-cnt#mTrn£tn.? ■<£ 
fnisii ani its ■nijh £ ml ef FSF pin? £ «>nf.?n'nati rn? cJ 


tSzecred. 95 for the ssrrale? ^!rr^^.-.n 'r ixesSec 
bnt broasEc ii«> pH 9', zed ill for ssrrsZss 
vreiefc Trere- tScered after bfiaz fcroaabt tv) 
pH 9. Tbe reojveri-s after aswaaTirr 
it; 6 X hjiirrcbloric ad-a er 5 X st-ii-ara by- 
cniE^e TT-ere 79 azd 6Z'>r respsadveSy. 

Tfcr bi-tda-attr.'e taateria! vrfcid; was re- 
ct-jved by ibafeiaa byctn'Ilyaei c-iasata Trith 
efer oaal^^be reoi'-.^ed^ia ether estrart. 

pbtitaa ptijteia fractiitaj.’' tibricrt’aca. al* 


brcaEa aatj ^.-ciTOafia ceniafaed vein- Ettle 
FSF, vrsiilr the ftacdciii, ooataarQaa the 
a- aad 3-;sIobv]irs sad lipids tvere reisttvclj- 
rita in II Fractiens I!I-D snd r\'-J. I IT 
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F /\T-SoLUBLE Biotin-Active ^Material 


T \.35IjE I 

Biotin Activity of lliini.iii ;iiul Buck Plasmas After Different Types of Treatment, 


Pl.asina 


Treatment 


Actiritj' as m7 
biotin per ml 
plasma 


lliiinan (1) Diluted in n-atcr. n g 

(2) Mixed with 10 X vol. of 3 X 5DSO.(, antoelavcd one lir, tlien 

. neutralized. 4 

(.’I) Precipitated with tricliloracetie acid. Autoclaved 1 hr. 9.7 

(4) i^recijiitated with trichloracetic acid. Prccipit.ate removed 

by eentrifug.ation. Suiternatant autoclaved 1 hr. l.S 

Duck A (1) Diluted in sterile water. Added aseptieallv to assay tubes. 3.2 

(2) Autoclaved 1 hr in 10 X vol. of 3 X IDSO,'. Xcutralized. 14.G 

(.3) Same as (2) but filtered before iicutraliziition. 3.G 

(4) 24-hr treatment with takadiasfa.se in acetate buffer, pll 4.7. 

Then neutralized and autoclaved. 15.7 


Duck B 


(1) Diluted in buffer, plf S.O. 4.2 

(2) S.anic !is (1) followed bv ether extraction. 2..G 

(.3) Autoclaved 1 hr in 10 X‘ vol. of 3 XHo.SO^. Brought to pB 8.2. 10.0 

(4) Same as (3) followed by ether extraction. 1.3 

(~i) 24-hr tre.'itnient with takadiastase in acetate buffer, pB 4.7. 

3'ben nentnalized and autocl.aved. 9.8 

(ll) .Same as (5) followed bi' ether extraction. 2.3 


ociil.Ttion were those described by L.andy and 
Dicken” e.xcept that the vitamins of the B 
coniple.v were added in larger amounts," pure 
crystalline folic acid (obtained from Lederle 
Laboratories through the courtesy of Dr. Y. 
SubbaRow) was used at 25 7 per 1 of double- 
strength medium and pyridoxamine (Merck) 
was added at 10 7 per 1. Growth was de- 
termined by titrating the acid produced with 
0.1 N sodium hydroxide. Since it soon be- 
came apparent that a substance other than 
biotin was being measured in terms of its 
biotin activitj'. it was found advant.ageous 
to prolong the time of incubation of the as- 
say tubes from the usual 3 da\"s to 4. When 
this was done, the results obtained with 3 
different concentrations of the same sample 
usually agreed within 10 to 1S%. 

Acid hydrolysis of plasma was accom- 
plished by mixing 0.4 ml of plasma with 

4 ml of 3 N sulfuric acid and autoclaving 
at 15 lbs for one hour, a procedure designed 
to liberate bound biotin.® Plasma was also 
hydroh^zed by treatment with takadiastase,® 

5 mg of enzyme being used to 0.5 ml of 

8 1/nmpen, .T. 0., Baliler, G. P., .and Peterson, 
tv. H., J- Nutrition, 1942, 23, 11. 

9 Luckey, T. D., Briggs, G. M., Jr., .and Elvehjcm, 

C. A., J. Niot. Client., 1944, 152, 157. 


plasma diluted to 5 ml with acetate buffer 
of pH 4.7. 

It was found that if normal plasma was 
hydrolyzed with sulfuric acid and filtered, 
either before or after neutralization, its biotin 
content was the same as that of plasma mere- 
ly diluted in water, indicating that plasma 
docs not contain any bound biotin. But if 
the hydroh'zed plasma was not filtered, a 
much higher biotin activity was found. Simi- 
lar results were obtained after hydrolysis b}’ 
takadiastase. .-Ml of the additional biotin 
activity resulting from the hydrolysis of plas- 
ma could be removed by shaking with ether, 
as well <3s b3>- filtration. The shaking of un- 
hydroh'zed plasma with ether removed a 
variable proportion of its alread_v low biotin 
activiW but did not affect the activitj' which 
appeared upon subsequent hydroh'sis. Table 
I illustrates a few t.vpical results out of many 
which have been obtained. In one series 
6 my of pure biotin were added to duplicate 
0.4 ml samples of plasma. These, and the 
corresponding samples without added biotin 
were submitted to various treatments and 
assayed for biotin. The % recoverj- of the 
added biotin was: 97 for the samples di- 
luted in water, 89 for the samples autoclaved 
in sulfuric acid, brought to pH 7 and not 



FAT-SoiCKJ!: Bnins-AcOTE 


AItiior?6; fe EjxocnSs and o3^^sztr£dous 
<.n FSF sj fair avaSable feve djI perrailteS 
E cocrp'ete test of it? efrett&rccesf E'^itsi 
etgi-’s-fcrte inlEry in Encnst. snSri-ent dtaSE 
have bsc itbtEiDicl to. sfio— tfcal it pieraat? 
tiie denratitii: pn^xinted in driiien? fc>y a cxst 
in g'za-wHte. Et ofej acts Eke- irrotm 
in presenting tte innreased snsaeptibiiity of 
cM'tkens to- infection with the malaEis! para- 
site Picsrzi~’IkiT: [iTpk:i'rcs. wH-dh otherwise 
occtirs when the animals are naaintarneJ on 
an egg-white diet. The restdts of Z esperi- 
caents are shown in Tahie El. The diets 
used ojnsistid of Soft- of a chirh-starting 
mash pins IQ-'T of erther pswifeatd egg ail- 
bamin or casein mixed with rfboflavin at the 
rate o-t 5 nrc p-er 100' £ casein. In b>Jth ex- 
pertment?. FSF was aiministered in the 
breast musde as the bajwn oS pcepettd fnm 
hydntlyaed horse plasma. The tnasamnm 
antoant ot this whii ctal-i be infected at 
one time was Od ml. rep assenting a bijlcn 
activity .of 0'-5 En Eaqa., L the material 
was inrectei twice weekly and was Feasjjua- 
bly well abstarbed bistween injsctr-ans. !n 
Esp. Z. whrre 5 En|ecti'ons per wce-S; were 
given, packets of the oSl f.armel in the breast 
tnascle. In both experiments the totaS dosage 
ei FSF. in terms of micrebijEagiraE b:-'>tin 
activity, was smch that an ©^[nrral'Sai araannt 
of biatin als-J w.auld mat have given camplete 
paatectior! tnam biotin deSriency.''’’ 

.\[E preparattKS of FSF sx tar exarinei 
have been foncd tov be hsm.alj-ti-r fox both 
dtrclt and sheep red blaod ceTs. The 
hemolysis is prevented by oarmaE dark plas- 
ma. The biotin-Ixke gaawth activity and the 
hemolv-tic activity have- gone tcgedier through 
the fon-o-wing preliminary tracd-tnaticn of the 
brown o2 prepared fnam hycna-Ivned bouse 
pltitna. A traaian whirh was diSirhEtly 
salnble in al-roho! bn: readily salnhle in 
chlouaiorm had little actrdty, as did a sec- 
or:d fractian salable in alaebal at nrom. tem- 
perature bat giving a oapt-aas white precipi- 
tate foam cold aluabaL The actrve material 
was salcble in oald aluaba! and was non- 

I'l' Ei-L-is-Vri. L. EC. E'.-nir. ,V. oV_ i-.l V!:;'.j,r-. 
0 , N'_ C'l-'r. Ex;:. <■-_ 

fl'.'- ttg UHi. I.' 


SEp-sciiiab'le. In the erode state it was s-?3i> 
bke in E-DeticnE. bat aftec its sspiaratipa i-em 
the ina-ctive saptnittable iractifn. it was in- 
selcble in acet'ace. It is interesting that 
the a-iditijn of 5 parts 'xf acetone to 2 part 
of an alDonsTc sslctira cf the n.sn-saponitla- 
fe!e fractic-n cestdted in a cnantitativeilT 
ecrciraEent partiticn of both the .gnowth and 
the hsmolyti-c activities between the pre- 
cipttEte ana the fEtrate. Resapionaiicaticn 
of the aaet'C-ne tnsclttj'le snaterisl again yiela- 
ed d!2 the activity in the non-sap'onitaab!? 
fractitn. The minintunn ocncentraSisn of the 
vari-t-ns tracti-ens wbidh gave fDc~pJete 
hetn-tlysis was eycivalent to a bktin acthsiiy 
of &2 t.v GS tni' per ml. when ©.I ml of 5fv 
ted ceEls was added to <BS m3 <o5 b-ttnened 
mixtere. in-enbateu bc-mr at dZ'C and held 
Oiveimigbt in a retttgeratsc. St is wottny cf 
ns'te that a erode preparadon of FcF tront 
a hnman plasma p-otein t~arti-ra gave cent- 
plete fcsm-f-lysis a: a oon'Dantraden with a 
btO'tirr acthitv- od OS m-j' per m3 an-d sTgal 
bemcEv-sis at a conrentraticn of ®.15 tn^ par 
mi. 

it is apparent frem tbe tew pxcpertifs of 
FSF thus fas- known that it cannot be biotin 
itself, which L« not readSy extracted b or- 
ganic sdvenis’'^ and whim is inactivated by 
avidb.'-^’ FSF also dees net eenraspt-nd to 
any of the bitherto d-sscribed andc-rces or 
vitamers cd bi-'tb. since alii of these are eith-sr 
mactive b the geewth oit £_ a~cs{s and aaainsc 
egg-white bfmy b anbtals or. if aetbre. are 
E5:e bio-tb itself baetbated by a->idb.® 

3 ^ ■. IT”, EL, iT v.7„f irs'i y £r'.‘' Tm. ' 
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Fat-Soluble Bjotin-Active IMaterial 


TABLE IT. 

Effect of hijocfwus of ESE or lliotin in Cliieks Feet ;i iJief Hifrfi in Hgg-Wliite jiiul Jnneiiljited ivitli 
Plaittnodiuni lophiinir. 


Ill Exjieiiirn'iit 1 tlie eliieks were plneed on (lie .S|ieciii] diets :it 7 dnys of age, tlie twice weekly inicc- 
tions were iKgiiii at 10 days and tlie inoeiilatinn.s were done at 2.7 days. 


In Kxiieriinent 2 tlie eliieks were jilneed on flic speeial diet at .7 days, the inieetioiis (twice Aveekly for 
liiotin. 3 times weekly for EKE) were liegiin at S d.ay.s, and tin- inaeiiJations were done at 20 days’ In 
liotli e.xiicriinents the injections' were intraiiinscnlar. 


E.X1.. 

Xu. 

Dii'i 

Inject ion 

Xhi. 

ehiek.s 

Avg degree of 
.se.'iliiie.s.s' of feet 
;ind month nt dnxs 

3!> 2.7 27 33 ’3,7 

Ayg peak X'o. 
of para.site.s per 
30,000 red eells 

X'o. which died 
lyithiii 3] d.ays 

1 

Egg white 20 Cf 

Xiiiie 

3 

l.S e- 

(•>780 

01 


? ’ M > 

Biotin 32 y 







per week 

4 

(1 _ _ 0.3 

23(!.7 

0 


♦ * J * > > 

E.’SE-l 7 







liinfiii 







.•letivify 







per Week 

4 

— 3.3 — — l.c 

2.707 

0 


('.■iseiii -0',', 

Xdiie 

4 

— (1 — — 1) 

2730 

0 


Egg white 2077 

Xeiie 

p 

O.Ci — 2.2 3..S — 

3340 

.7 


• I ) I jt 

ESE-3..7 7 







lliotin 







netivity 







per week 

.S 

a.2 — 3.11 I.d — 

3377 

1 


ff ff fi 

Biotin 32 y 







per week 

8 

0.1 — 0 0.2 — 

1200 

0 


' An arliitrary scale ranging from 0 to (i was u.scd to e,\i>res.s tlie extent of the lesions on the feet and 
at the enrners of the month. 

♦ Two of these chicks were eery weak at 3.7 days, when they were killed. -Ml the other chicks in this 
e.\)'eriinent were active at this time. 


through hardened filter paper on a Buchner 
funnel. The filtrate contained very little 
activity and was discarded. The black residue 
was shaken with several large volumes of 
ether and the yellow ether e.xtracls thus ob- 
tained tvere concentrated in vacuo. When 
all the ether had been removed. 31 ml of a 
brown oil were obtained. This tvas liquid 
at room temperature but solidified to a wa.\y 
material when refrigerated. The brown oil 
(prepared for assay as an opalescent emul- 
sion made by diluting an aliquot rvith al- 
cohol and then with rvater or buffer) had a 
biotin activiy of 2.5 y per ml, and repre- 
sented a 70% recovery of the total activity 
of the hydrolyzed plasma. This material 
was used to demonstrate the ability of £. 
casei to dispense with biotin if adequate 
amounts of FSF are present. .-V dilute washed 
suspension of L. casci rvas inoculated into 
tubes of biotin assay medium free from added 
biotin but containing an adequate concentra- 
tion of FSF. Twenty-four hours later, a 
loopful of the growth rvhich had occurred 


was inoculated to 2 similar tubes. Such sub- 
inoculation was repeated twice more. The 
24-hour grorvth in the 4th transfer was 
washed and made into a dilute suspension in 
the usual manner.” This rvas used to in- 
oculate 2 series of tubes, one containing grad- 
ed concentrations of biotin, the other graded 
concentrations of FSF. In each series there 
were included tubes rvith adequate biotin or 
FSF plus more than enough fresh sterile egg- 
white to inactivate the biotin activity. As 
is evident from Fig. 1, very similar curves 
were obtained relating the extent of growth 
to the relative concentrations of the 2 growth 
factors. However, the addition of egg-white 
completely inhibited growth in the tubes 
with biotin, but had no effect on growth in 
the presence of FSF. This result indicates 
that FSF is not merelj^ a stimulatory sub- 
stance, but can replace biotin in the growth 
of L. casci. All traces of biotin which may 
have been present in the culture medium must 
be considered to have been inactivated by' 
the e.xcess of fresh egg-white. 
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Ne%vcastle Virus: Conversion of Spherical Forms to Filamentous Forms. 

F. B. Bang. (Introduced by Carl TenBroeck.) 
jrroH! the SochcfcUcr Iitstitnte for Medical JResem-ch, Frbiesion, IS'./. 


The filamentous forms of Newcastle virus 
seen in purified preparations^ have not been 
seen in the crude allantoic fluid from in- 
fected embryos. This despite the fact that 
the virus is present in the allantoic fluid in 
the same concentration which in the purified 
material shows under the electron microscope 
great numbers of filamentous or tailed forms. 
Further work here reported indicates that 
the virus is roushlv spherical in the allantoic 
fluid. 

If allantoic fluid from infected chick em- 
bryos is centrifuged at 24,000 r.p.m. for 40 
minutes and the pellet from this centrifuga- 
tion is resuspended in water instead of saline, 
and this procedure repeated for another wash- 
ing, the virus then shows a great predom- 
inance of roughly spherical forms under the 
electron microscope (Fig. lb). This water 
suspension of virus has full activity (Table 
I) and remains stable for a number of days 
in the refrigerator (Table 11). An occasion- 
al virus particle has a long thin attached 
tail, but gold shadowing fails to reveal other 
accessory structures. The virus particles are 
similar to those in the original allantoic flu- 
id (Fig. la), with the e.vception that un- 
treated preparations of infected allantoic flu- 
id have never shown tailed forms. 

If to this purified water suspension a little 
sodium chloride is added, a conversion from 
the spherical to tailed or filamentous forms 
occurs (Fig. 2). In the 3 experiments in 
which these results have been quantitated, 
the concentration of saline producing conver- 
sion has varied from .07 to .15 hlolar. The 
conversion seems to be a progressive process 
and in individual experiments the extent of 
this conversion has varied with the salt con- 
centration. Change of form, however, oc- 

> Bang, F. B.. pp.oc. Soc. Exp. Bion. Men.. 
1940. 63, 5. 


curs within a few minutes of adding the 
saline. 

Filamentous forms seen in the saline sus- 
pensions may be reconverted to the spherical 
by transferring them back to a water sus- 
pension; this is done by centrifuging at 24,- 
000 r.p.m. and resuspending in distilled wa- 
ter. These again will ■ yield filamentous 
forms on the addition of saline. 

The evidence for this conversion or change 
in form rests entirely on study of dried prep- 
arations with the electron microscope, and 
as yet we have no proof of the e.vistence of 
these different forms in suspension. 

That this conversion is not an artifact, 
however, is made likely b}’ the following ex- 
periments. Dilute solutions (.02%) of 
formaldehyde progressively inactivate the 
virus over a period of da\'s. If, an hour or 
tw'o after formaldehyde has been added. .15 M 
saline is added, conversion readily takes place. 
If, however, formaldehyde has been allowed 
to act for 3 to 5 days before the addition of 
saline, the stimulus of the saline is no longer 
able to cause a change in form of most of 
the particles. Purified preparations in water 
inactivated by lO'^ hi or 2 X Ith* hi mus- 
tard gas,- * or partialh’ inactivated by heat- 
ing for 10 to IS minutes at SO'^C are also 
not converted to the filamentous form by the 
addition of saline. On the other hand, 
spherical forms which have remained in water 
without inactivation for as many as 7 or 
S days may be converted to the filamentous 
fornj by the addition of saline. 

Simmary. Study of Newcastle virus in 
allantoic fluid shows this virus to have a 


STcnBropck, C., and Herriott, R. It., Pboc. Soc. 
Ekp. Biou Med.. 1946, 62, 271. 

* Dr. B, M. Herriott kindh- treated a prep.ara- 
tion witli these concentrations of innst.ar.1 
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Fat-Soluble Biotin-Active IMaterial 


A number of growth-stimulating effects on 
L. casci by naturally occurring fat-soluble 
substances have been describech"®’-^ These 
effects have been shown to be due to certain 
fatt}' acids--'-^ such as oleic acid, which had 
earlier been identified as a factor essential for 
the rapid growth of Coryucbactcrium diph- 
thcrlacr'' Oleic acid and related compounds 
which stimulate the growth of L. casci in 
the presence of suboptimal concentrations of 
riboflavin or pantothenate do not permit 
growth in media lacking these vitamins,--'*® 
The situation with respect to oleic acid and 
biotin seems to be rather different.®®'®' L. 
casci is evidently capable of continuous 
growth in a medium containing onlj- traces 
of biotin but supplied with an adequate 
amount of oleic acid and adjusted to an ini- 
tial pH of'5.6.®' .At first thought one might 
conclude that (he activity of FSF is due to 
oleic acid, but a close inspection of tlie avail- 
able facts makes such a conclusion untenable. 
Oleic acid in the absence of added biotin 
produced a ma.vimal growth effect in a me- 
dium with an initial pH (before autoclaving) 

-0 Kc.kiirdt, H. K., Gyorfjy, P., and .Tolmson, 
L, V.. Piioc. Soc. K.'ci’. Biol, and 19-11, 

10, 4 (ir,. 

-I J-Vi'iicy, I!. E., and Strong, F. it., .1. Siol. 

hem.. 19-12, 112, 991. 

22 Bnucinfcind, J, C., Sotior, A, L,, and Bowff, 
C. S., hid, and ICng. Clirm., Aiud. lid., 1912, II, OOC. 

23 Stronp, F. and Carpenter, L. E., Jnd. 
and ling. Chrm.. Anal, lid., 1912, 11, 909. 

21 Kodicek, E., and 'Worden, A. N., Biochem. .7., 
1945, 30, 7S. 

2r> Colicn, S., Snyder, .1. C,, and Mueller, .T. II., 
J. liact., 1941, 11, 5S1. 

20 Williams, V. K., and Ficger, E. A., hid. and 
Eng. Chem., Anal. Ed., 1915, 17, 127. 

27 Williams, T, R,, and Ficger, E, A., J. Biol. 
Chem., 194C, ICG, 335. 


of 5.6. If the pH was 6.5 or higher there 
was no growth. All the e.\periments with 
FSF were routinely done with a medium of 
pH 6.7-6.8 before autoclaving and 6.2-6,3 
after autoclaving. Moreover, in a special 
e.vperiment, the pH of the assay tubes was 
adjusted aseptically after autoclaving to 6.8- 
6.9. Fractions containing FSF had the same 
biotin activit}' under these conditions as at 
a pH of 6. 2-6.3. FSF was fully active for 
L. casci even when all traces of biotin in the 
medium were rendered unavailable by an ex- 
cess of avidin, a condition which has not 
been tested with oleic acid. FSF was also 
active against egg-while injury in chicks, an 
activity concerning which nothing has been 
reported for oleic acid. Finally the FSF ac- 
tivity was non-saponifiable and insoluble in 
acetone, and hence could not have been due 
to an ordinary fatty acid. It would seem 
likely, however, that there may be some re- 
lation between FSF and oleic acid, and that 
botli are related to the utilization and func- 
tion of biotin. A knowledge of the chemical 
nature of FSF may give a new insight into 
the mode of action of biotin. 

Summary. The plasma of various species 
of animals yields, after hydrolysis with acids 
or enzymes, a fat-soluble material capable 
of replacing biotin in the growth of Lacto- 
bacillus casci and other lactic acid bacteria 
but not inactivated by avidin. When in- 
jected in chickens the material protected 
them from the injurious effects of a diet high 
in egg-white. Preparations containing the ac- 
tive material were found to be hemolytic, and 
in preliminar 3 '^ fractionations the growth and 
the hemolj'tic activities have gone together. 
The properties of the material do not cor- 
respond to those of oleic acid or of an\' previ- 
ousiv described vitamers of biotin. 
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Newcastle Virus: Conversion of Spherical Forms to Filamentous Forms. 


F. B. Bang. (Introduced by Carl TenBroeck.) 
From the Focl'pfeUcr Institute for Iledical Eescarch, Princeton, 


The filamentous forms of Newcastle virus 
seen in purified preparations^ have not been 
seen in the crude allantoic fluid from in- 
fected embrA’os. This despite the fact that 
the virus is present in the allantoic fluid in 
the same concentration which in the purified 
material shows under the electron microscope 
great numbers of filamentous or tailed forms. 
Further work here reported indicates that 
the virus is roughly spherical in the allantoic 
fluid. 

If allantoic fluid from infected chick em- 
brj’os is centrifuged at 24,000 r.p.m. for 40 
minutes and the pellet from this centrifuga- 
tion is resuspended in water instead of saline, 
and this procedure repeated for another wash- 
ing, the virus then shows a great predom- 
inance of roughly spherical forms under the 
electron microscope (Fig. lb). This water 
suspension of virus has full activity (Table 
I) and remains stable for a number of days 
in the refrigerator (Table II). An occasion- 
al virus particle has a long thin attached 
tail, but gold shadowing fails to reveal other 
accessory structures. The virus particles are 
similar to those in the original allantoic flu- 
id (Fig. la), with the exception that un- 
treated preparations of infected allantoic flu- 
id have never shown tailed forms. 

If to this purified water suspension a little 
sodium chloride is added, a conversion from 
the spherical to tailed or filamentous forms 
occurs (Fig. 2). In the 3 e.xperiments in 
which these results have been quantitated, 
the concentration of saline producing conver- 
sion has varied from .07 to .15 :Molar. The 
conversion seems to be a progressive process 
and in individual e.xperiments the extent of 
this conversion has varied with the salt con- 
centration. Change of form, however, oc- 

1 Biinc, F. B.. Peoc. Soc. Exp. Biol. .\xd SIed., 
1040. 0.1. 5. 


curs within a few minutes of adding the 
saline. 

Filamentous forms seen in the saline sus- 
pensions may be reconverted to the spherical 
by transferring them back to a water sus- 
pension; this is done by centrifuging at 24,- 
000 r.p.m. and resuspending in distilled wa- 
ter. These again will ■ yield filamentous 
forms on the addition of saline. 

The evidence for this conversion or change 
in form rests entirely on studj- of dried prep- 
arations with the electron microscope, and 
as yet we have no proof of the existence of 
these different forms in suspension. 

That this conversion is not an artifact, 
however, is made likely by the following ex- 
periments. Dilute solutions (.02%) of 
formaldehyde progressive]}- inactivate the 
virus over a period of days. If, an hour or 
two after formaldehyde has been added. .15 INI 
saline is added, conversion readily takes place. 
If, however, formaldehyde has been allowed 
to act for 3 to 5 days before the addition of 
saline, the stimulus of the saline is no longer 
able to cause a change in form of most of 
the particles. Purified preparations in water 
inactivated by 10"^ or 2 X ICH mus- 
tard gas,-* or partially inactivated by heat- 
ing for 10 to 15 minutes at 50 °C are also 
not converted to the filamentous form by the 
addition of saline. On the other hand, 
spherical forms which have remained in water 
without inactivation for as many as 7 or 
8 days may be converted to the filamentous 
form by the addition of saline. 

Siimviary. Study of Newcastle virus in 
allantoic fluid shows this virus to have a 


2 TenBroccli, C., and Herriott, R. II., Peoc. Soc. 
Exp. Biol, .vxd Med., 1940, 02, 271. 

' Dr. E. M. Herriott kindly treated .a prep.ar.a- 
tion with the.so concentrations of niustar.l gas. 
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Xeu’castlk Virus — Change ok Shape 



FlO. hi. Kli'otummivropraiili of uiipurificd Xovca.stli' virus iu ;i)l;iiit(>ic fluid. X 17,200. 
I’lO. llj. Kloc(rouinivr(if;r.iiili of Xo«v:istlo virus rvsusjiciidod iu distillvd iv.'itvr iiftcv puri- 
fivutinii ))v two owlvs of diiTorcutl.-il (•(■iitrifiifrutioii. X 37.200. 


TABhE I. 

I’urifii'utiou Ilf Xowvastle A'iiiis and Jte.siisiieiision in ‘Watfr. 

Titor; •Ifl'/i niorlalify of 30 -day cniliryos.'' 

Orisiiml Virvs iTsuspnidcd in 

Exp, alliiiitoie . , 

Xo. fluid Water .l-'ijrX'aCI .1.1 M suerose 


1 

•1 


JO 10 S,7 10-8..1 

10 ll.H 10 -S.S 10-0.3 


* All titrations are ealeulated on flic basis of resusliension iu a volumo eomp, arable to that 
of the oripina! allantoie fluid. 


TABLE II. 

Stabilitv of Xeweastlc Virus iu Water and Saline at 4°C. 


Time, 

day 

Water 


XaCl 


Water 
(2nd exper.) 

.05 M 

.15 11 

.3M 

1 


10 -s.« 


10-7.3 

lO-S.t 

4 


10-S.7 

10-S.2 

10-«.o 







10--S.3 

8 

lO-s.r 






roughly spherical shape when examined un- 
der°the electron microscope. Most of the 
particles maintain this form when purified by 


ultra-centrifugation and bj' transfer to ■n'ater. 
The addition of .07 to .15 M sodium chloride 
to the solution converts it from tlie spherical 
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Elcctraimiicrogrnph of same preparation as lb in .15 M XaC!. 

X 17.200. 

to the fUamentous form previously described, activation with formaldehyde, mustard gas, 
This conversion is prevented by partial in- or gentle heating. 
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Effect of Hexaethyl Tetraphosphate on Choline Esterase in vitro and 

in vivo* 

Kexneth P. DuBois axd Geokge H. Maxgux. (Introduced by E. M. K. Ceiling.) 

From the Vnirrrsit^ of Chicago Toxicity l,aboratory. 


Hexaethyl tetraphosphate, CjoHsciP^Ois, 
(HTP), has recenth’ been introduced in this 
countrj'^ as an insecticide. It was first used 
in this capacity by the Germans and was un- 
covered by technical teams following the 
close of the European phase of the war. 
The German scientists who were interrogated 
stated that it had a nicotine-like action and 
was used for the control of aphids as a sub- 

* C-irricd out under a contract ■nitli Medical 
Division, Clicmical Corps, TJ. Army. 


stitute for nicotine. The authors of the pres- 
ent report have been unable to find any ref- 
erence to its mechanism of action other than 
its nicotinic effects. 

The present study was initiated following 
obsen-ation during routine testing^ that ani- 
mals showed symptoms similar to those pro- 

I Botkin, A. Ii., Lipton, yt. .A., and Mangnn, 
G. H., unpnblisbed data. 

spotter, X. K., and Elvebjem, C. A., ,T. JSioh 
Chem., 1?36, H4, iSh. 
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Hexaethyl Tetraphosphate 


duced by diisopropyl fluorophosphafe. Mus- 
cular twitching, tonic and tonic-clonic con- 
vulsions, involuntary defecation, micturition 
and salivation were observed. The paral- 
lelism was further confirmed by the produc- 
tion of miosis by instillation of a dilute solu- 
tion in the eyes of rabbits. lila.vinral miosis 
occurred in about 5 minutes with one drop 
of solution containing 4 nig/ml of HTP. 
Pupillary diameter returned to normal in 
5-12 hours in contrast to a parallel test with 
a solution of diisopropyl fluorophosphafe 
(2 mg/ml) in which the miotic effect per- 
sisted for 3 days. 

Expcrimculal. Cholinesterase was meas- 
ured manometrically employing a test sys- 
tem containing 0.3 ml 0.1 acetjd choline 
bromide in a final volume of 3.0 ml of cal- 
cium-free Ringer-bicarlx)nate buffer (0.025 
M NaHCOs, 0.15 IM NaCl, and 0.04 M 
hlgClo). This sj’stem contained either 50 mg 
homogenized brain, 100 mg homogenized 
subinaxillary glands, 100 mg washed diluted 
red cells, or 100 mg serum. For ascertain- 
ing the effect of he.xaelhyl tetraphosphate 
(HTP) on insect cholinesterase the entire 
thorax from cockroaches was employed after 
removal of the chitin and homogenization. 
After gassing for 5 minutes with 95% nitro- 
gen-5% carbon dioxide and equilibrating for 
10 minutes at 38°C the acetyl choline was 
lipped from the side-arm into the main com- 
partment of the Warburg vessel and readings 
were taken at 5-minute intervals for 30 min- 
utes. 

The effect of he.xaethyl tetraphosphate on 
the cholinesterase of rat tissues and cock- 
roach tissue w vitro was measured by the ad- 
dition of solutions of the inhibitor dissolved 
in the buffer to the test system. The in- 
hibitor was added immediately after solutions 
were prepared and incubated with the tis- 
sue throughout the gassing and equilibration 
period (15 minutes) before the addition of 
acetvl choline. A final concentration of 
1 X 10-' M hexaethyl tetraphosphate pro- 
duced the following per cent inhibition of 
cholinesterase: brain 47, subma.villary S3, 
serum 60, erythrocytes 45, and cockroach 
tissue 5H Thus, hexaethyl tetraphosphate 
wa- an effective inhibitor of cholinesterase 



Pio. 1. 

TJic effect of liex.icfliyl tetr.iphospliate, di- 
isopropyl lluoropliospli.ife, .and a carhamic acid 
ester on rat brain clioJinestcraso in vitro. Curve A, 
hexaotliyl tctr.apliospliate; Curve B, di-isopropyl 
tluoropiiospliato; Curve C, carb-imic .acid, 27, K- 
dimotliyl-4-diraetliyIaiuino-O-isopropyi-plienyl ester, 
methioiliSc. 

ill vitro, all of the tissues showing similar 
sensitivity toward the compound. 

Further evidence of the strong inhibitory 
action of hexaethyl tetraphosphate on 
cholinesterase was obtained by^ comparing its 
effect on the cholinesterase activity of rat 
brain in vitro with that of diisopropyl fluoro- 
phosphate (DFP) and carbaniic acid, N,N’- 
dimelhyl-4-dimethyIamino-5-isopropy]-phenyl 
ester, methiodide, 2 effective cholinesterase 
inhibitors. For this comparison a sample 
of hexaeth 3 ’l tetraphosphate (Alonsanto) 
and the other compounds were dissolved in 
the buffer and the measurement carried out 
as described above. The results shown in 
Fig. 1 indicate that 50% inhibition of brain 
cholinesterase activitj* was obtained by^ a 
final concentration of 1.6 X lO^* M hexa- 
ethyl tetraphosphate, 6.3 X 10'® diisopropyl 
fluorophosphate, and I X lO"' M carbamic 
acid ester. Thus, under the conditions of 
these experiments he.xaeth 3 d tetraphosphate 
was the most effective inhibitor and the sim- 
ilarity in the slopes of the curves in Fig. 1 
indicate a similar ty^pe of inhibition by DFP 
and HTP. 

Inhibition of cholinesterase in vivo was 
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TABLE I. 

Effect of Hcxncthvl Tetrapliosplinte on Cliolinestorase Aetivitr of Bat Tissues in Vivo. 


inhibition of activity 

Dose, t ^ \ 

Brain Submasillary Serum Toxicity 


1 

4.5 

on 

100 

0/3 

died 

in 

20 

minutes 

2 

45.8 

56.5 

100 

1/3 

S J 

} 9 

20 

>9 

3 

75.8 

83 

100 

2/3 

f 9 

9 9 

20 

9 9 

5 

100 

100 

100 

3/3 

9 9 

99 

5-6 

9 9 

10 

100 

100 

100 


9 t 

9 9 

5 

91 


demonstrated by administering HTP intra- 
peritoneally to rats and then measuring the 
cholinesterase activity of the brain, sub- 
maxillar}’ glands, and serum by the hi vitro 
test system previously described. 

The results of these measurements are 
given in Table I. Values at 1, 2, 3, and 
5 mg per kg are the averages of determina- 
tions on 3 animals and the 10 mg per kg 
represents one animal. The cholinesterase 
values for normal tissues from 10 animals 
expressed as microliters CO 2 per 50 mg fresh 
tissue per 10 minutes were; brain 102, sub- 
maxillary glands 28, serum 10, and red blood 
cells 7 and the per cent inhibition in poisoned 
animals was calculated from these control 
values. 

These hi vivo experiments demonstrate 
that HTP inhibits the cholinesterase of all 
of the tissues examined. Most sensitive was 
the serum which was completely inhibited 


by doses of the compound which produce 
muscular twitching but no lethal effects in 
the animals. The inhibition of brain and 
submaxillar}’ gland cholinesterase more near- 
ly paralleled the svunptoms and lethal ac- 
tion of the drug with submaxillary gland 
esterase being inhibited to a somewhat great- 
er extent than brain. Twenty-four hours 
after the injection of a sublethal dose (1 mg 
per kg) into rats 35% of the serum activity 
had returned, at 4 days 70% of the serum 
activity had returned, and at 8 days the 
activity had returned to normal. 

Siimiiiary. Hexaethyl tetraphosphate ex- 
erts a strong inhibitory effect on mammalian 
and insect cholinesterase in vitro and in vivo. 
This finding, in conjunction with its gross 
effects on animals suggests that its physi- 
ological effects may be at least in part due 
to its inhibition of this enzyme. 
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Antigenic Structure ol Posteureila pestis and the Isolation of a Crystalline 

Antigen.* 


E. E. Baker, H. Soxixier, L. E. Foster, E. Meyer, and K. F. AIeyer. 

From the George mUiavis Sooper Foundation, University of California, San Francisco, Calif. 


The present report is a summary’ of in- 
vestigations initiated in 1942 to extend the 
knowledge of the antigenic structure of P. 
pestis, and to use this information to place 

* The work describecl in this paper was done 
under a contract recommended by the Committee 
on yiedical Ecseareh between the OfSce of Scientific 
Bcscarch and Development and the University of 
California. 


plague prophylaxis on a sounder basis. The 
detailed experimental data will be reported 
at a later date. 

All the studies, unless otherwise stated, 
were performed with dried plague bacilli of 
the virulent “Yreka” strain. The baciUi 
were grown on agar for 3 days at 37 = C and 
suspended in saline. This was precipitated 
by one to 2 volumes of acetone cooled to 
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• — 70'C and left overnight. Repeated wash- 
ings with acetone and drying /// vacuo pro- 
duced a bacterial powder of high antigenicity 
and to.vicity (LD.~,„ for 20 g mice: 20-40 /xgj. 

Extraction of the acetone-dried plague 
bacilli with neutral salt solutions (0.85%, 
2.5% sodium chloride solutions or 0.4% 
sodium acetate solution) yielded a water-solu- 
ble and a water-insoluble antigenic com- 
ponent. The water-soluble fraction is quite 
toxic for mice and rats (LD.-,o for 20 g mice, 
8-15 /»g), and has a high immunogenic value 
for these species, but a low value for guinea 
pigs.- The water-insoluble portion is non- 
toxic for mice, and produces a very poor 
immunogenic response in mice and rats. How- 
ever, this fraction, when tested as an alum 
precipitate, has a high immunogenic value, 
equal to that of whole plague bacilli, for 
guinea pigs. 

The water-soluble jractiou has been shown 
to contain at least 3 antigenic components: 
(I) A carbohydrate protein-soluble at 0.25 
saturation of ammonium sulfate at pH 7.0- 
7.5, and precipitabic at 0.3 saturation (Frac- 
tion J.A). (2) A carboh 3 'drate-frce protein 

soluble at 0.3 saturation of ammonium sul- 
fate at pH 7.0-7.5, and which crystallizes 
in the form of fine needles when the con- 
centration of ammonium sulfate is raised to 
0.33 saturation (Fraction IB). (3) A toxic 
fraction soluble at 0.33 saturation of am- 
monium sulfate at pH 7.0-7. 5 and almost 
completely precipitated at 0.55-0.67 satura- 
tion (Fraction II). Both Fractions I.-V and 
IB are electrophoretically homogenous at 
pH 8,7 and pH 5.5. They both have ap- 
proximately the same mobility at both pH 
values. Fraction 1.4 has the following an- 
alytical values; Nitrogen 15.07%, sulfur 
•0.'58%, phosphorus 0.08%, a strongly posi- 
tive Molisch test, and is highly viscous. 
Traction IB has the following analytical val- 
ues: Nitrogen 15.71%,, sulfur 0.59%, phos- 
pho.ms 0.04%>, a negative Molisch test, and 
a low viscosity. Both fractions are free of 
ac^ar as determined by serological tests with 

sample of horse serum containing anti- 
bodies to agar. _ 

fractforr lA and IB are similar im- 
munogenically. They both produce potent 


antisera in rabbits, and will absorb all of 
the antibody from sera prepared against 
either. Sera to these fractions agglutinate 
plague bacilli to at least the same titer 
as sera prepared against whole plague 
bacilli. In one experiment, a serum to 
Fraction 1.4 had as high a protective value 
for mice as serum to whole bacilli but, in 
contrast, had a ver}’ low protectiv'e titer for 
rats when compared with serum to whole 
bacilli. Serum to either of these fractions 
is incapable of neutralizing plague toxin. 
Both fractions will induce immunity in mice. 
Neither fraction is of value in producing 
immunity in guinea pigs. 

Fraction II has never been obtained in a 
state approaching chemical or immunological 
piiriti'. .411 preparations have been contam- 
inated with Fraction I (J.4 and IB) in suf- 
ficient quantity to produce antibodies to 
Fraction I in rabbits. The best preparations 
had a to.vicit.v (LD.-.o) for 20 g mice of 
0.6 /tg. However, it has been possible to 
prepare toxins free of Fraction I by serolog- 
ical technics. It was observed that, plague 
bacilli grown at room temperature were fully 
toxic, but extracts of such bacilli contained 
ver\’ little Fraction I. It proved possible to 
remove the residual Fraction I b\' absorp- 
tion with either Fraction 1.4 or IB antisera. 
The resulting absorbed extract showed no 
decre.Tse in toxidU', and produced antisera 
in rabbits capable of neutralizing plague tox- 
in. Howe\'er. this antiserum was devoid of 
protective value for mice, did not agglutinate 
antigenically complete plague bacilli to a sig- 
nificant tiler, nor react with either Fraction 
1.4 or IB except to a very slight degree in 
sensitive ring tests. Its value in inducing 
immunity' in mice and guinea pigs has not 
as j’-et been investigated. 

From the water-insoluble fraction or 
“residue” only small amounts of protein can 
be extracted with mild alkalies. .4nhydrous 
phenol liquefied with 10-15% acetone dis- 
solves approximately 25% of the residue. 
Both fractions, the phenol-soluble as well as 
the insoluble one, contained the antigen 
which protects guinea pigs. 

The 2 soluble ato.xic antigens (Fractions 
L4 and IB) undoubtedly represent the “en- 
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velope" antigen of Schiitze* and others. They 
are probably present on the surface of the 
bacilli, because antisera prepared against 
these fractions will agglutinate the strains of 
plague bacilli thus far tested. Only one 
avirulent strain, TRU,^ obtained from Dr. 
Harry Schiitze, Lister Institute, London, Eng- 
land, is not agglutinated by Fraction I sera, 
although it is slightly agglutinated by sera 
prepared against whole plague bacilli. This 
strain appears to be devoid of these 2 frac- 
tions. The e.xact relationship between Frac- 
tions LA. and IB is not clear. Serologically, 
they are almost identical. Thus far, the 
crystalline Fraction IB proved of slightlj- 
lower immunogenic value. It might be sug- 
gested that in the intact cell the normal 
antigen is the carbohydrate protein Fraction 
LA, and that the crj-stalline protein is an 
artifaci_ formed by disaggregation of the 
molecule during the death of the cell and 
subsequent treatment. -All attempts to alter 
Fraction LA short of denaturation have failed. 


1 Scliiitzo, H., Bril. J. K-rit. Path., 1932, 13, 284; 
1939, 20, 235. 


It maj' be that plague bacilli contain an 
enzjmie capable of converting Fraction lA 
to IB. Serologic studies have shown that 
Fraction I (lA and IB) is formed by the 
virulent strains tested, and the avirulent 
strain 1122 which forms a stable suspension 
in saline; avirulent strains showing salt insta- 
bility produce only traces. These antigens 
are formed in quantity at 37°C; extracts of 
cells grown at room temperature contain rela- 
tive! small amounts. 

In view of the observed differences in re- 
sponse of the various laboratory’^ animals to 
the different antigens of plague bacilli, it is 
considered advisable at the present time to 
use vaccines containing all of the antigens 
of P. pcslis for prophy'laxis of plague in man, 
and for the production of antiplague serum 
for therapeutic use. 

The jmtliors wish to thiiiik Dr. M. Heidelberger, 
College of Physicians and Surgeons, for the gift 
of a sample of .anti-influenza horse serum eoutaiu- 
ing iintibodies to agar; Dr. A. Elik, The Eocke- 
feller Institute for Medical Eesearcli, for the micro- 
analysis; and Dr. T. Shedlovsky, TIio Eockefeller 
Institute, for the electrophoretic analyses. 


15727 

Liberation of Histamine and Heparin by Peptone from tbe Isolated 

Dog’s Liver.* 

AI. Rocha e Silva,! A. Evelyn Scroggie, E. Fidlar, and L. B. Jaques.* 
From the Department of Physiology, University of Toronto. 


In previous reports^”^ one of us has shown 
that several agents (antigen, c.g. horse serum 

* Aided by a grant from the .lohn and Mary B. 
ilarkle Foundation. 

t Head of the Department of Biochemistry and 
Pharmacodynamics, Institute Biologico, Sao Paulo, 
Brazil, Fellow of tlie Instituto-Canada, Brazil. 

1 Head of the Deiiartment of Physiology, Uni- 
versity of Saskatchewan, Saskatoon, Canada. 

' Eocha e Silva, M., and Grana, A., Areh. Snrg., 
194G, o2, 713. 

2 Eocha c Silva, M., Porto, .A., and Andrade, 
S. 0., Arch. Burg.. 1946, 53, 199. 

a Eociia e Silva, M., and Teixeira, E. M., Pkoc. 
Soc. E.xp. Biou .VXD Mf.d., 1946, 61, 376. 


in the sensitized animal, or peptone or Ascaris 
extracts) which in vivo produce a shock-like 
syndrome in the dog associated with a dis- 
charge of histamine and heparin from the 
liver, are unable to liberate significant 
amounts of these substances when perfused 
through the isolated liver, using Tyrode's 
solution as a vehicle. IMien citrated blood 
or heparinized blood is used as the perfusion 
fluid, detectable quantities of histamine and 
sometimes of heparin are discharged, but 
the total amounts that can be found in the 
perfusates are far smaller than those which 
are discharged in e.xperiments in vivo. These 
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results lead to the conclusion that whole 
blood is necessary to produce the discharge 
of histamine and heparin from the hepatic 
cells in the forms of shock mentioned. In 
the exiieriments to be reported here, it has 
been possible on occasion to obtain the lib- 
eration from the liver of amounts of hista- 
mine and heparin greater even than in vivo 
and hence it has been possible to suggest the 
nature of the factors nece.ssary for the lib- 
eration of these substances from the liver. 

Methods. Ten dogs were used in the pres- 
ent e.vperiments, .'ill of them anaesthetized 
with sodium pentobarbital (‘Tbital,” In- 
gram and Bell). The liver was prepared 
for perfusion as described previously.- To 
avoid the use of anticoagulants in the blood, 
glassware treated with the silicone (Dri- 
Film, No. 9987, Genera! ' Electric Co.) was 
used. In vessels so coated, blood wilt remain 
iinclotted [or 2 or 3 hours and the platelets 
arc preser%’ed for at least 30 minutes.'* It 
was assumed that, by thus completely e.xclud- 
ing anticoagulants, conditions would be ob- 
tained more closely resembling those in vivo. 
All glassware entering into contact with the 
blood was carefully coated with the silicone, 
as described elsewhere, ■* and contact with 
rubber tubing was reduced to a minimum. 
The blood was collected from the carotid 
through cannulae treated with silicone. Care 
was e.vercised to minimize trauma to the 
arter}'. Only the first 400 ml of blood were 
used for the perfusion. As soon as the ani- 
mal had been e.xsanguinated, a cannula was 
inserted into the portal vein and the liver 
was perfused with warm (38 °C) Tyrode’s 
solution. The entire left lobe of the liver 
was tied off and was e.vcised. The remaining 
portion of the liver was isolated and was 
placed in a warm chamber. The perfusion 
with warm Tyrode’s solution -was continued 
for 5 to 10 minutes, until the perfusate was 
free of blood. Three g of peptone in 10 ml 
of saline were then added to 250 ml of blood 
and the mixture was pumped rapidly through 
the organ. The perfusate was collected in 
small portions of 20 ml each and was assayed 
E., FeWstea, E. T^, and 
MacdonaW, A. G., Can. Med. Assn. J., 1946, So, 26. 


for histamine and heparin. The organ was 
perfused further with 200 ml of blood and 
finally was washed out by prolonged per- 
fusion with Tyrode’s solution. 

For the estimation of the histamine con- 
tent of the perfusates, a piece of guinea pig 
ileum 'svas emploj'ed. The heparin content 
was determined by the protamine-titration 
method of Jaques and Waters.*^ In the ex- 
periments in which Tyrode’s solution was 
used as the vehicle, the presence of heparin 
w'as investigated b\" concentrating the per- 
fusates and then testing for metachroniasia 
with the dye, Azure A.® Bj- this method, 
heparin can be estimated quantitatively in 
concentrations as low as 0.02 mg/ml, while 
it can be detected qualitatively with con- 
centrations as low as 0.0005 mg/ml. We 
are indebted to i\Ir. E. Napke for conducting 
this test. The figures for total histamine 
and heparin given in Table I cover the 
whole discharge, since the perfusates were 
collected until only traces of histamine were 
detected by the biological test. In some of 
the e.vperiments, after the perfusion with 
blood, a piece of the liver was taken in a 
3.8% solution of sodium citrate and smears 
were prepared according to a technic previ- 
oush' described,- to obsen^e the degree of 
disintegration of the clumps of platelets found 
within the liver parenchj'ina after perfusion 
with peptone. The same technic applied to 
the normal liver shows only intact, isolated 
platelets. Red cells, leucocytes and plate- 
lets were counted in the perfusing blood in 
6 of the experiments and the degree of ag- 
glutination is indicated as the percentage 
of aggregated platelets to the total count. 

The peptone was a sample of proteose- 
peptone (Difeo) in 30% solution, n pre- 
vious e.vperiments we used a peptone which 
contained histamine as an impurity and it 
was necessary to rely upon increases in the 
histamine content of the perfusing blood. In 
these e.vperiments the histamine was removed 
from the peptone by treatment with permutit, 

cj.nqucs, L. B., and Wafers, E. T., J. Physiol., 
1941, VO, 454. 

c Jaques, L. B., Mitford, M. B., and Macdonald, 

A. G., to be pnWisIied. 
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TABLE 1. 

Total Histamine and Heparin Eeleased from Isolated Dog’s Liver Hollowing Addition of Peptone to 

the Perfusion Fluid. 


Dog, 

No. 

■wt, 

l^g 

Liver, 

Of 

b 

Perfusion fluid 


Histamine, 

Mg 

Heparin,! 

mg 

11 

16.0 

170 

Tvrode’s solution 


26.8 

None 

17 

15.5 

402 



38.0 

Traces 

J J 

j 1 

} } 

Heparinized blood — 45 

min. 

contact (S units/ml) 93.7 

1.75 

19 

17.G 

365 

Defibrinated blood 


1,162.0 

Not est’d 

IS 

12.5 

365 

Heparinized blood — 22 

min. 

contact (8 units/ml) 538.0 

Doubtful 

IG 

10.1 

295 

,, ,, 15 

33 

” 5 ” 2,511.0 

10.5 

13 

22.5 

280 

Silicone bloodj 


89.0 

3.65 

15 

8.3 

140 

3 3 33 


417.7 

5.45 

14 

29.6 

359 

3 3 3 3 


607.7 

8.15 

12 

16.2 

— 

3 3 33 


3,313.0 

16.5 

20* 

23.0 

470 

3 3 3 3 


8,550.0 

25.4 


- The figures for histamine and heparin in Dog 20 would not cover the whole discharge since after 
stoppage of the drainage with Tyrodc the histamine was still high (2.8 fig per ml) and the heparin 
was estimated only in the tubes containing enough blood to be used in the protamine assay (350 ml of 
perfusate). 

i The ratio of heparin : protamine under the conditions of this experiment was found to be 1:2. 
t Blood collected and preserved in silicone-coated vessels. 


as described by Gotzl and Dragstedt/ thus 
permitting a much more accurate estimation 
of the histamine eventually liberated in the 
perfusion experiments. I^Tien the solution 
was diluted 25 times, as in the perfusion ex- 
periments, and was tested upon the guinea 
pig gut, only traces of histamine were found. 
It should be noted that a larger quantity of 
peptone was used in the present experiments 
than in those referred to above. .Although 
we formerly used 1 or 2 g of peptone for 
500 or 600 ml of blood (diluted 20% with 
Tyrode’s solution), in the experiments pre- 
sented in this paper we have used 3 g of 
peptone added to 250 ml of undiluted blood. 
This difference was partly due to the fact 
that the sample of peptone used appeared 
to be less active than previous samples. The 
trypsin used was a crystalline sample con- 
taining 50% of MgS 04 and produced by the 
Lehn and Fink Corporation. The protamine 
was a sample of salmine hydrochloride sup- 
plied by the Connaught Laboratories, Uni- 
versity of Toronto. 

Results. The total quantity of histamine 
and heparin liberated from the isolated liver 
of the dog, following the addition of peptone 
to the perfusion fluid, is presented in Table 
I. In agreement with results reported pre- 
viously, peptone is capable of liberating only 

~ Gotzl, F. E., and Dragsledt, C. A., J. Pharm. 
011(7 Exp. Thrr.. 1941, 74, 33. 


small amounts of histamine and traces of 
heparin when Tyrode’s solution is used as 
the perfusing fluid. It is possible that even 
this small amount of histamine is liberated 
because of the presence of traces of blood 
retained within the perfused organ, since af- 
ter the injection of peptone some blood ap- 
peared in the perfusate. In one experiment, 
the effect of crystalline trypsin on the per- 
fused liver was tested. .After washing the 
liver of Dog 1 1 free from peptone and traces 
of histamine with Tyrode’s solution, 50 mg 
of cryistalline trypsin was added to the Ty- 
rode’s solution perfusing the liver; 132 pg 
of histamine and 1.5 mg of heparin ivere 
then released by the liver. 

In contrast to the results obtained on add- 
ing peptone to TjTode’s solution, when whole 
blood (especially blood kept unclotted by 
the use of silicone instead of anticoagulants) 
was used as a vehicle, enormous amounts of 
heparin and histamine were liberated. .As 
shown in Fig. 1, most of the histamine and 
heparin was released at the beginning of 
the perfusion with blood and peptone. In 
some of the e.xperiments the amount of his- 
tamine in the perfusates went up as high 
as 40 or 50 fig per ml, in contrast to the 
1,5 fig per ml that has so far been the maxi- 
mal content of histamine estimated in the 
blood of intact animals submitted to peptone 
shock.= The variability shown in Table I in 
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Fio, J. 

Dor Xo. 20. Liver [lorlttsiini witli silifoiie lileod 
+ peptdiie. DlieliiirKe ef IiKst/iniine ;im(I Iieji.'iriii 
iifler [i.'i.s.s.'iKO of tlie lilood tliroiiffli tlie liver. Xote 
tile silOip (.'() ;ij; IiiHt.'imiue jier ml of per- 

fusate) (leeiirriiic l)cfoie tlu! fir.st .'0 ml of Mood 
])!isscd tlirougli. 

the amounts of histamine and heparin released 
when “silicone blood” was used in the per- 
fusion suggests that other factors (individ- 
ual differences in the response of the liver 
from different dogs, the time of contact of 
the blood with peptone before coming in con- 
tact with the cells of the liver, etc.) are 
also operative in these experiments. These 
factors will be the subject of a separate in- 
vestigation. 

In the e.vperiments presented in Table I 
even heparinized blood with peptone was 
able to liberate amounts of histamine and 
heparin far more conspicuous than those de- 
tected in previous e.xperiments.^ This might 
be due to one or more of the following rea- 
sons: (1) the peptone was freed from hista- 
mine by treatment with permutit, thus per- 
mitting a much more accurate assay of hista- 
mine; (2) much higher doses of peptone 
were used than before; (3) the blood used 
was undiluted, while in the previous experi- 
ments the perfusion solution was blood which 
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45 min. contact 
with heparin 
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r 

peptone 

Fia. 2. 

Tliri'c c.VTK'rimvnt.s with livjuiriiiizc’d blood 
l>fi>fom'. Till’ m.n.xim.'il dischnigp of liistamiiio w.ns 
obtained when tlio Blood was used 1J> minutes after 
addition of licjiarin and the minimal when tho 
Mood w;i.s maintained for 4't mimifcs in contact 
with the heparin before passing tliroiigh tlie. liver. 


contained approximately 20 to 25 % Tyrode’s 
solution. Whatever may be the reason for 
this discrepancy, heparin appeared to afford 
some protection against the action of pep- 
tone wlien enough time was allowed to elapse 
between the addition of heparin and the start 
of tlie perfusion experiment. As shown in 
Fig, 2, the ma.ximal discharge of histamine 
was obtained when the blood remained in con-' 
tact with heparin only 15 minutes. The 
minimal discharge resulted when the blood 
was kept for 45 minutes in contact with 
heparin. Due to the small number of experi- 
ments with heparin, further work is required 
to establish that heparin inhibits the dis- 
charge of histamine from dog’s liver. Al- 
though defibrinated blood also permits the 
release of appreciable amounts of histamine 
and probably also of heparin (not estimated) 
by peptone; there is no question that tlie 
use of silicone-coated vessels for the collec- 
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TABLE II. 


Leucocyte !iii(l Piatclct Counts per niin-t of Perfusing Blood.* 


Bog 

Xo. 

Xorninl in silicone 

After heparin 

.After peptone 

Perfus.ite 

Lcm-ocvtcs Pl.-itclcts Leucocytes Platelets Leneoevtes 

X Ifio X 1000 X.lOO X 1000 X lOO 

Platelets Leucoevtcs Platelets 
X 1000 X 100 X 1000 

15 

62 

411 (6%)f 

Heparin not used 

135 

398 

49 

.30 (877) 

16 

77 

415 

79 368 (16%) 

48 

151 (67%) 

41 

70 (797 > 

17 

45 

341 



59 

1ST (91%) 

5 

12 (157) 

18 

102 

291 

82 140 (42%) 

94 

227 (4470 

10 

32 (257) 

19 

25 

363 

79 46 (11%) 


24 (627) 

14 

14 (34%) 

20 

77 

171 

Heparin not used 

74 

129 (647) 

32 

s.r (4s%) 


* Tlic red cells were used .'is .ni indic.'itor of accuracy of sanipUng and of dilution, and in eacli e.'jperi- 
nicnt tlie leucocyte and platelet counts have been adjusted to the count of red cells in the normal Wood, 
t The figure's in brackets indicate the degree of agglutination. 


tion of blood, which thereby may approach 
its natural condition, permits the discharge 
of histamine and heparin in far more sig- 
nificant amounts than those obtained with 
defibrinated or heparinized blood. 

Since the liberation of histamine and 
heparin from the liver by peptone appears 
to depend on the presence of whole blood, 
the question arises as to what constituents 
of the blood are involved in this action. It 
was previously found- noth citrated blood 
as the perfusion fluid and antigen (horse 
serum) or .Ascaris e.xtracts as e.xciting agents 
that a sharp decrease in platelet and leuco- 
cyte counts occurred on passing the blood 
through the liver. .As shown in Table II 
(Dogs 15, 17 and 20), this likewise occurred 
with the blood in silicone. Since the addi- 
tion of peptone to the blood caused a marked 
agglutination of the platelets, the decrease 
in count ma\^ be attributed to trapping of 
these clumps in the hepatic capillaries. Con- 
firming previous reports by Copley,®-® 
heparin itself, when added to blood, caused 
considerable clumping of platelets and some- 
times a sharp decrease in the count. The 
presence of heparin had little apparent effect 
on the action of peptone on the platelets 
and on the further decrease in the count 
when the blood passed through the liver. 

Counts of leucocjdes and of platelets can- 
not afford any direct evidence concerning the 
disintegration pf these cells, since thej^ might 

sCoplpy, A. L., Am. J. FJiy.iiol, 1942, 133, 
24S. 

0 Copley, A. L., .iml Kobb, T. P., Am. J. Clin. 
Path., 1942, 12, 41G. 


be segregated in the network of capillaries 
and small vessels of the liver after forming 
clumps on the addition of peptone, as shown 
in Table II. Information regarding the de- 
struction of these clumps was afforded bj' 
the observation of smears taken from pieces 
of the organ after the perfusion. In the 
e.Kperiments in which an e.xxess of heparin 
had been used, the platelet clumps could be 
seen in great numbers throughout the slides, 
while in those e.xperiments in which there 
was a considerable discharge of histamine 
and heparin the clumps were either absent 
or heavily damaged. The remains of plate- 
lets were seen but only veryi- seldom were 
there any well stained clumps. This sug- 
gests that a disintegration of the platelets 
is associated with the liberation of histamine 
and heparin, and that while heparin will 
clump platelets, it will prevent their later 
disintegration. 

The present report is intended to describe 
conditions under which it is possible to ob- 
tain regularly the liberation of histamine 
and heparin from the dog’s liver with pep- 
tone. Using this technic we hope to elucidate 
the mechanism for this liberation. Rocha e 
Silva and Tei.xeira have postulated the ac- 
tivation of plasma trypsin as an intermediarjT 
in the liberation of histamine and heparin. 
The finding that the mechanism with pep- 
tone depends on the presence of blood, where- 
as crystalline tiypsin by itself was observ-ed 
to cause some release of histamine and 
heparin, is suggestive in this regard. 

Conclusion. Experiments on the perfusion 
of dog’s liver show that the presence of blood 
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in the perfusing fluid is important for the 
production of an appreciable discharge of 
histamine and heparin by peptone. The best 
results were obtained when anticoagulants 
were e.xcluded and the blood was preserved 
from clotting in silicone-treated receptacles. 
When Tyrode’s solution was used as a ve- 
hicle for the perfusion, only small amounts 
of histamine and traces of heparin appeared 
in the perfusates. The e.vpcriments presented 


in this paper do not afford a.ny direct proof 
but are suggestive of the participation of 
platelets and possibly also of leucocytes in 
the mechanism of the discharge of histamine 
and heparin from the liver. 

The authors are greatly iiidelited to Professor 
C. H. Best for facilities provided in tlie Depart- 
ment of Physiology, tlnivcrsity of Toronto, .and for 
his interest and support. 
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Effect of Reticulo-Endothelial Blockade on Immunity to the Shwartzman 

Phenomenon,' 


Paul B. Beeson. 

/•'ran; t/ir JJrpnr/meiil of Mnlichw, Jimory Uniremity School of Mcilirhie, and the Medical 
Service, Grady Jlospilnl, Allnnla, Gn. 


Experiments in this laboratory have shown 
that repeated intravenous injections of ty- 
phoid vaccine cause rabbits to develop a tol- 
erance to the pyrogenic effect of the vaccine, 
and, furthermore, that this tolerance can be 
abolished by reticulo-endothelial (R-E) 
blockade.’ .Additional studies have shown 
that the development of tolerance to typhoid 
vaccine carries with it a similar tolerance 
to the pyrogenic effects of certain other Gram- 
negative bacilli, not serologically related to 
the typhoid bacillus. 

In view of the fact that the pyrogenic ac- 
tivity of several species of Gram-negative 
bacilli has been shown to be the property of 
a carbohydrate component--^ and that, at 
least in the case of B. prodigiosiis, the same 
carbohydrate has been shown to be capable 
of inducing the Shwartzman phenomenon, ■* 
it was thought that a study of immunity to 

* .tided bv a gmiit from tlio United St.Tte.s Public 
Health .Service. 

1 Beeson, P. B., Proc. Soe. E.xn. Bioi.. and 5If.d., 
1940, Cl, 248. 

■ ZBobinson, C. S., and Flusser, B. A,, Biol. 
Clicm., 1944, 15S, 029. 

3 Hartivcll, J. I-., Sliear, JI. J., .and Adams, 3. E., 
Jr. J. Kat- Cancer Inst., 1943, 4, 107. 

■1 Shwartzman, G., Cancer lies., 1944, 4, 191. 


that form of injury might throw some light 
on the general problem of immunity' to py'ro- 
gens. As a fool for study' of this problem 
the Shwartzman phenomenon is advantage- 
ous because it provides an observable tissue 
injury' in an area containing few R-E ele- 
ments. 

Materials and Methods. The source of 
bacterial toxin was the “lilitchell” strain of 
E. fyphosa.i An “agar washings” filtrate 
was prepared by' Shwartzman ’s method.'^" 
The potency' of the filtrate was determined 
by' titrating the minimum intravenous react- 
ing dose against a constant skin preparatory 
dose.®'’ Two different Jots were prepared. 
Titration of the first showed 1 reactive unit 
in 1 ml of a 1:300 dilution, per kg of body 
weight; while in the second, 1 reactive unit 
was contained in 1 ml of a 1:400 dilution, 
per kg of body weight. The skin preparatory 
dose used in titrations and in all e.xperiments 
was 0.25 ml of undiluted filtrate. 

The rabbits were males, weighing 2 to 3 

t Obtained from the Laboratories of the Georgia 
Dcp.artmont of Public Hoalfli. 

Sliwartzman, G., Phenomenon of Local Tissue 
Bcactivity and Its Intmunoloyical, Pathological, 
and Clinical Significance, New York, Hoober, 1937, 
(a) p. 35, (b) p. 26. 
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flG. 1. 

Graphic representation of the results obtained in S of the 20 rabbits given Thoro- 
trast blockade. The upper 4 rabbits received the blockade after acquiring irmnunitv 
uhile the lower i were naturally immune. The slmded areas represent the area of 
hemorrhagic necrosis 5 hours after the intravenous injection of toxin. The scale in 
centimeters is indicated. 


kg, either Chinchillas or New Zealand whites 
(Rockland). Tests were made on the skin 
of the abdomen. Since each animal was to 
have a series of tests, the abdomen was 
marked to designate 8 areas, and in the group 
of animals used in each experiment the in- 
dividual tests were placed at different loca- 
tions. The purpose of this was to lessen the 


possibility of error due to injection in areas 
of low reactivity, since Shwartzman has found 
that there are differences in skin reactivity 
in different parts of the abdomen. Subse- 
quent injections in each animal were made 
in adjacent areas, moving in a clockwise 
direction. The intravenous, or provocative 
dose, was 20 reacting units; this was admin- 
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istered 22 hours after the intradermal in- 
jection. The result was read 5 hours later. 
The only criterion used in determining the 
reaction was the presence or absence of a 
purplish hemorrhagic lesion. When positive 
reactions occurred the areas of skin hemor- 
rhage were traced on transparent X-ray film, 
and then transcribed to permanent records. 

For R-E blockade 2 agents were used: 
Thorotrast and tr\-pan blue. Thorotrast is 
a commercial preparation (Heyden Co.) con- 
taining approximately 25% colloidal thorium 
dioxide. This was administered intravenous- 
1\'. in a dosage of 9 ml, 6 hours after the 
preparatory intradermal inoculation. Trypan 
blue was given in a 1 % aqueous solution, the 
dose being 6 ml. This was given twice, 6 
and 20 hours after the preparatory intra- 
dermal inoculation. 

The plan followed in the experiments was 
to elicit the Shwartzman phenomenon in an 
animal repeatedly, the intradermal injection 
of one test being given on the day following 
the intravenous injection of the previous test. 
When an animal showed evidence of im- 
munity by failing to react, the procedure 
was repeated with the addition of R-E block- 
ade. In most of the e.vperiments 2 negative 
results were obtained before the blockade, 
but in a few instances this was done after 
onl}^ one negative test. 

Results. Of the 28 rabbits used in these 


ade cause the development of large areas of 
hemorrhagic necrosis at the sites of the in- 
tradermal inoculations, but also it caused 
death of all of these 8 animals. 

When trypan blue was used as the block- 
ing agent the results were not as uniform. 
In 3 naturally immune animals, blockade 
with this agent resulted in only one positive 
reaction. In 5 rabbits which had acquired 
immunity, blockade caused positive reactions 
twice. 

The dose of bacterial toxin used in these 
e.xperiments did not cause a single death in 
approximateh- 75 tests in this group of ani- 
mals. Yet when R-E blockade was combined 
with the same dose of toxin, 17 of the 20 
animals that received Thorotrast, and 3 of 
the 8 rabbits given trypan blue, died within 
24 hours after injection of the intravenous 
dose of toxin. It is obvious then that R-E 
blockade not only alters the course of events 
at the site of the preparatory skin injection, 
but also that it markedly impairs the ani- 
mal's general defense against the bacterial 
toxin. 

The 3 animals which survived after e.x- 
hibiting the Shwartzman phenomenon with 
Thorotrast blockade were retested immedi- 
ateh' without blockade, and all 3 reacted 
negatively. Two of these, on receiving a sec- 
ond test combined with Thorotrast, again 
reacted positively and died within the suc- 


experiments 13 were naturally immune: that 
is, no hemorrhagic reaction was visible 5 
hours after the intravenous injection of 20 
reacting units. The remaining IS animals 
reacted positively 1 to 4 times before they 
too became immune. 

Ten of the rabbits that were naturally 
immune received Thorotrast as a blocking 


agent, after 1 or 2 previous negative tests. 
In every case a positive reaction resulted. 
Ten rabbits that initially reacted positively 


but then showed negative reactions after 1 
to 3 repetitions of the procedure also received 
R-E blockade with Thorotrast. -Again, in 
every instance a positive reaction resulted. 
Rig 1 shows a diagram of the results ob- 
tained with Thorotrast blockade in 8 of these 

animals, 4 naturally ' f."/ " 

quired immunity. Not only did R-E block- 


ceeding 24 hours. The third survived a long 
sequence of tests, wherein it received a block- 
ing dose of Thorotrast on 5 separate occa- 
sions. Following the last blockade it con- 
tinued to react positively to a series of 10 
tests, apparently being unable to regain a 
state of immunity. The reason for the un- 
usual resistance of this animal, and for its 
eventual inability to become immune, is not 
clear. 

Discussion. The results obtained w’ith 
Thorotrast blockade in these e.xperiments, 
and in our previously reported work on the 
febrile response to bacterial toxins^ have been 
clear-cut and readily reproducible. This can 
be attributed partly to the fact that in both 
tj'pes of e.xperiment the phenomenon being 
studied takes place within a few hours, al- 
lowing a test to be completed during a time 
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ivhen functional impairment of the R-E sys- 
tem is at its height. Prolonged R-E block- 
ade is almost impossible, because of the rapid 
recovery of function by the phagocytic cells 
and because of the fact that blockade is in 
itself a powerful stimulus to proliferation of 
these cells.*’ 

Consideration of these results leads to the 
assumption that immunity to the Shwartz- 
man reaction depends on ability of the R-E 
system to remove the bacterial toxin from 
the blood stream to such an extent that the 
tissues at the site of skin preparation are 
spared serious injury. R-E blockade permits 
the toxin to be delivered to the prepared skin 
area in a concentration sufficient to produce 
capillary damage and hemorrhagic necrosis. 
It also appears that other tissues suffer more 
e.xtensiv'e damage from the toxin in the pres- 
ence of R-E blockade, as evidenced by the 
high fatality rate associated with blockade. 
Neither Thorotrast nor trypan blue would 
cause death in the doses used here. 

These findings indicate that the function- 
al state of the R-E system is of great im- 
portance in either natural or acquired im- 
munity to the Shwartzman phenomenon. 
Shwartzman and others have provided a con- 
siderable body of evidence which indicates 
that specific antibodies maj' play an im- 
portant part in acquired immunity. In view 
of the fact that phagocj'tosis by R-E cells 
is known to be enhanced in the presence of 
specific antibody, the 2 types of evidence do 
not necessarily conflict. Nevertheless, the 
evidence obtained in our other studies on 
immunity to bacterial p\Togens indicates 
that an acquired immunity can develop with- 
out the participation of specific humoral an- 
tibodies. 

It is of interest that Thorotrast was much 
more effective in this action than was tiypan 
blue. The dosages of both agents were com- 
parable to those which have been used by 
other workers in studies of R-E blockade. 
One should note, however, that the actual 
quantit}’ of colloidal thorium dioxide given 

J.nffc, K. H., Fliiisio!. Fcv., 1031, 11, 277. 


was approximateh' 20 times that of tri-pan 
blue. 

Previous work on the effect of R-E block- 
ade on the Shwartzman phenomenon has 
been somewhat contradictory. Gratia and 
Linz reported that blockade with large doses 
of India ink neither intensified nor lessened 
the local skin reaction." Two Italian re- 
ports, on the other hand, state that R-E 
blockade inhibits the Shwartzman phenom- 
enon.®-® In one of these studies trj-pan blue 
was used as the blocking agent, while in the 
other lithiocarmine was used. The findings 
reported here are in direct opposition to the 
conclusion that R-E blockade inhibits the 
Shwartzman phenomenon. 

This work was undertaken principally in 
an attempt to elucidate the nature of the 
immunitr^ developed by human beings and 
animals to the fever-producing effects of cer- 
tain bacterial to.xins. It would appear, how- 
ever, that the findings may be of some use 
in other work involving the Shwartzman 
phenomenon, in that the variations in re- 
activity of different test animals can proba- 
bly be lessened by the use of R-E blockade. 

Summary. A study has been made of the 
effect of R-E blockade upon natural or in- 
duced immunity of rabbits to the Shwartz- 
man phenomenon. Striking results were ob- 
tained when Thorotrast was used as the 
blocking agent. Rabbits that had shown a 
natural immunitr', or had become immune 
following a series of previous Shwartzman 
reactions, responded, after the injection of 
Thorotrast, by developing Upical areas of 
hemorrhagic necrosis. In addition to elicit- 
ing a positive skin reaction in a pre^^ously 
immune animal, R-E blockade increased the 
injurious effect of the bacterial toxin, caus- 
ing death in the majority of animals tested. 

iris-, Elizabeth Roberts g.-ive toelinieal assistance 
in this work. 

‘Gratia, A., and Linz, R., Ami. IiuA. Pasteur. 
1932, 40, 131. 

s GiwfEre, T., PnlJioIopica, 1937, 20, 492. 

9 Trizzino, E., and Caffarclli, F.. Piv. di Pat. 
Sper., 1939, 22-2.% 46o. 
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Afiinity of Avidin for Certain Analogs of Biotin. 


Lemuel D. \^''right, Helen R. Skeggs, and Emlen L. Cresson. 

From the Fulritiona! Lahoratorics, Vepartvunt of Fharmacology, Medical Fcsearch 
Division, Sharp and Dohmc, Inc., Glcnoidcn, Penn. 


Wright and Skeggs recently have described 
a procedure whereby the relative affinity of 
avidin for biotin and for biotin analogs pos- 
sessing no microbiological activity readily 
may be compared.* The method was illus- 
trated by a study of the relative affinity of 
avidin for the available spatial isomers of 
biotin. 

This paper presents additional data on 
the avidin combinability of certain com- 
pounds having some structural similarity to 
biotin. The compounds studied (I-XIX) 
ma\’' be classified into 4 tjpes: (1) acyclic 
analogs of deslhiobiotin differing from 
desthiobiotin and its homologs by an open- 
ing of the imidazolidone ring (II-VII).--* 
(2) hydantoin derivatives differing from 
desthiobiotin homologs by the replacement 
of the methyl group with an oxygen atom 
(Vin,IX)* (3) “model” compounds 
(X-XIII) bearing some relationship to the 
original pyrimidine structure proposed and 
later retracted by Kdgl ct al. for a-biotin,^-"*'* 
(4) aromatic and cyclic aliphatic derivatives 
with a urea ring or a urea ring with an 
o)-carbo.xy aliphatic side chain (XIV-XIX).®'! 

The procedure employed* involved the ad- 


1 Wright, L. D., .md Skeggs, H. R., Arch. Bio- 
chem., 1947, 12, 27. 

2 Sciiuitz, B. ai., in press. 

* We are indchted to Dr. E. 5t. Sciiuitz of these 
laboratories for compounds II through XIII. 

3Kogl, P., Vcrbeck, J. IT., Er.\-Icben, H., .and 
Borg, W. A. J., Z. physiol. Chem., 1943, 279, 121. 

4K.ogl, P., and Borg, W. A. J., Z. physiol. Chem., 

1944, 281, 65. 

5 English, J. P., Clapp, K. C., Cole, Q. P., Hal- 
verstad, I. P-, Dampen, J. 0., and Eobbn, K. O., Jr., 
J Am. Chem. Soc., 1945, 07, 295. 

t These compounds were supplied tlirough the 
courtesy of Dr. J. 0. Dampen of the Eesearcli Lab- 
oratories of the American Cyanamid Company. 


dition of avidin to mixtures of biotin and 
the analog under investigation. The biotin 
and avidin were used in stoichiometric 
amounts and the amount of analog varied. 
In the case of compounds having definite 
av'idin combinability an amount. of biotin is 
available for the growth of Lactobacillus 
arabinosits that is equivalent to the amount 
of analog taken up b\'- the avidin. The 
“relative affinity” is then e-xpressed arbi- 
trarily as the ratio of the concentration of 
analog to biotin at which one-half of the 
biotin remains free and available for growth 
of the test organism. It is obvious that the 
ratio will be low for analogs for which avidin 
has considerable affinity and high for those 
analogs that do not combine readily with 
ax’idin. 

None of the compounds studied had any 
activity in lieu of biotin for promoting growth 
of Z. arab'.nosus. Similarly, none of the com- 
pounds studied, in the amounts employed. 



The relative .affinity of avidin for biotin and 
biotin analogs. 
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TABLE L 


The Affinity of Avidin for Certain Analogs of Biotin. 


Exp. No. 

Biotin, f 

Analog, 1 

Avidin, y 

Turbidity 

1 

0 



84 


.00025 



141 


.0005 



176 


.00075 



200 


.0010 



220 


.0015 



275 


.0025 



31S 


.0025 


20 

300 


.0025 


50 

250 


.0025 


100 

86 


.0025 


200 

S3 


.0025 

.002 XYIII 

100 

99 


.0025 

.005 ” 

100 

100 


.0025 

.010 ” 

100 

128 


.0025 

.020 ” 

100 

139 


.0025 

.002 XTX 

100 

93 


.0025 

.005 »> 

100 

111 


.0025 

.010 ” 

100 

125 


.0025 

.020 ” 

100 

130 

2 

0 



97 


.00025 



163 


.0005 



204 


.00075 



246 


.0010 



260 


.0015 



300 


.0025 



350 


.0025 


20 

335 


.0025 


50 

284 


.0025 


100 

122 


.0025 


200 

95 


.0025 

.0050 XTII 

100 

212 


.0025 

.0125 ” 

100 

262 


.0025 

.0250 ” 

100 

300 


.0025 

.050 

100 

330 


.0025 

.002 DTB* 

100 

1S9 


.0025 

.005 ” 

100 

244 


.0025 

.010 ” 

100 

276 


.0025 

.020 ” 

100 

310 


* df-Dcstliiobiotin. 


had significant antibiotin activit}’ for the as- 
say organism. 

Combinabilitj' studies were carried out di- 
rectly in the microbiologic assay medium by 
the aseptic addition of avidin just prior to 
seeding with L. arabinosus. 

Of the compounds studied only No. XVII, 
XVIII, and XIX showed definite avidin 
combinabilittL Compound No. XVII, which 
differs from biotin in the replacement of the 
sulfur atom by a dimethrdene group, had an 
affinity ratio of approximately 14. For ref- 
erence d,/-epi-allobiotin has an affinity ratio 


of about 3-6* while </,/-desthiobiotin has an 
affinity ratio of appro.vimately 10 (Table I, 
Fig, 1). The specificity of the avidin com- 
binability reaction further is illustrated by 
the fact that Compound XIX in which the 
ureylene group is attached to the C3'clohe.xane 
ring at positions 3 and 4 rather than 2 and 3 
with respect to the valeric acid side chain, 
although ‘ showing detectable avidin com- 
binabiliU' (Table I, Fig. 1), had an affinity' 
ratio too high for practical measurement. 
Compound X\*III in which the urevlene 
group is attached 3,4 to a cyclohe.xjd ring 



152 


Avidin Combinability of BioTiiV Analogs 


0 

/ir \ir 
(III =: (jn 
1 

0 

11 , 

xji \ir 

i- — i'ir-(cirn)^-cooH 
vni n =’ 1 " 

TX n = » 


If 

III. 

IV 

A' 

A'l 


B = 
I! =: 
B = 
B = 
B = 


VI r If = 


0 

d 

7^1 \ll 

fill., B 
I ' 

(JII.T 

-cir.r-cif.,-cirn-cifs 

-ci r.'r-ciin-oii:^cn^cn«-coon 
-ciir,-cnrr-cii;;-cn;-oH;;-coxH« 

-CHi^-CII^i-ClIo-CII^Cnii-COOOoIIs 

-cu 7 r-cnZ~cu^Giu-Gii^-cnn-' 

COOIl 

-cii^cir.^ciio-CHn-cno-cHo- 

(JOOC.JI- 


X = c — coon 


o = c 
^1. 


CJI- 

/ \ 


Cl I.. 


CHn 


\ h / 


X 


CKn 

XH — XII 

([' (!’JI. (!' = 0 

jrii — (1: — Jrir 

COOC0IT5 

XII 


/ \ 

><1 \ii 


\ 


XIV 


/ 


XU — cii — coon 


0 = 0 


(!/ 


Clio 


\ 


CHo 


XH — OH CHo 

^CHo/ 

XI 

XH — OH — COOH 

= i (iiio 

CU3 

XH — on — Cl/ 

\ 

xni 

0 

11 

/\ 

Ml XH 


CHs 


\ 


XV 


(CHo).!— COOH 


(' 

/\ 


CHo 


/ 

\ 

XH 

XH 

CH 

— (^H 

/ 

\ 

( 

\ 

/ 

CHo 

— CHo 


CHo 


O 

II 

(ill — CH 

/l. cIh— (CHo )4 — COOH 

(!'Ho - CH;; 


XAH 


XVfl 



AVIDIN COMBINABILITY OF BlOTIN ANALOGS 


153 


0 

1^1 Nth 
in — 

OH; — OH — (CHn) — COOH 

XViri n = 3 
XIX n = 4 

containing a butyric acid side chain simi- 
larly showed definite avidin combinability 
but had an affinity ratio too high for prac- 
tical measurement. 

The failure of avidin to show significant 
affinity for the acyclic analogs of desthio- 
biotin (II-VII) is not une.vpected. Open- 
ing of the imidazolidone ring would alter 
considerably the spatial arrangement of the 
molecule. 

The inactivity of the hydantoin deriva- 
tives probably is attributable either to the 
shortness of the side chain in the compounds 
studied or to the existence of the ring pre- 
dominantly in an enol form showing little re- 
semblance to the cyclic urea ring of biotin. 

^^’hile the resemblance of some of the 
pyrimidine derivatives studied to the orig- 
inal a-biotin formula of Kdgl ct al. is quite 
remote. Compound XIII is similar to the 
corresponding desthio derivative. The data 
do not permit a conclusion as to whether the 
failure of avidin to show significant affinity 
for this compound is due to the presence 
of a pyrimidine rather than an imidazolidone 
ring or to the absence of an w-carboxy 


aliphatic side chain of suitable length. 

Winnick, Hofmann, Pilgrim and Axelrod® 
have studied the inhibition of- certain oxy- 
biotin derivatives with avidin. It was dem- 
onstrated that df-ox\'biotin. rff-ox\'biotin 
methyl ester and hexah 3 'dro- 2 -oxo-l-furo- 
(3,4)-imidazole-4-pentanol (the alcohol cor- 
responding to o.xybiotin) combined uith 
axddin. Approximateh' one unit of avidin 
was required to inactivate each compound for 
Saccharomyccs ccrcvisiac. Cis-3,4-Diamino- 
2-tetrahydrofuranvaleric acid (o.xybiotin 
diamino carboxylic acid) in which the ct'clic 
urea ring is absent failed to combine -with 
avidin. The procedures emp]o\'ed by Win- 
nick ef al. are capable of a qualitative inter- 
pretation but do not permit a conclusion as 
to the relative affinitj’^ of avidin for biotin 
in comparison Mith the affinity for the com- 
pounds studied. 

Summary. The avidin combinabilitj' of a 
number of compounds having some structural 
similarih- to biotin was investigated. The 
specificitj' of the avidin reaction was empha- 
sized b\' the finding that of the 19 com- 
pounds studied avidin possessed significant 
affinitj’ only for 8-(2,3-ureylene-c\xlohexj-l)- 
valeric acid (XVII). y-{3,4-urey)ene-c.vclo- 
he.xjd) -butyric acid (X\TII) and 8-(3,4- 
urej'lene-cyclohe.xyl) -valeric acid (XIX). 
The relative affinity ratio for Compound 
XVH was found to be about 14. Compounds 
XVIII and XIX. although definitely capa- 
ble of combining with avidin, had affinity 
ratios too high for practical measurement. 

« Wimik'k, T.. Hofinann, K., rilgrim, F. .1., 
.imt Axelrod, .V, K., J. Bitil. Chrm., 104.'). 1(!1, 40,"i. 
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l^pato-Renal Factors in Circulatory Homeostasis/ II. Disappearance of 
Hepatic Vaso-Depressor Material Following Intravenous Administration. 

S. Baez,! B. W. Zweifacii, A. ^Iazur, and Ephraim Shore. 

(With the technical assistance of S. Rosenfeld, D. Metz, and V. Bergman.) 

From the Department of Medicine, Cornell Vniversit;/ Medical College, and The New Yorl: 

Hospital, New Yorl: City. 


Recent iti vivo and in vitro studies’" have 
established the existence of a hitherto un- 
recognized vasodepressor principle which en- 
ters the blood stream in increasing amounts 
during the decompensatory stage of hemor- 
rhagic and tourniquet shock. The vasode- 
pressor principle, VDiSI, was found to be 
elaborated by the liver and skeletal muscle 
whenever the blood supply to those tissues 
was reduced below levels nccessar}' to main- 
tain an oxidative type of metabolism. The 
quantitative contribution of the liver is con- 
siderably greater than that of the skeletal 
muscle. Maximum blood levels are reached 
in exqierimental shock when the hj-potension 
is profound and sufficiently prolonged to re- 
sult in the development of a state unre- 
sponsive to transfusion, the so-called irre- 
versible state. 

Once the I'asodepressor material appears 
during profound shock and precipitates the 
stage of vascular Inpo-reactivity, it persists 
in the blood and is only temporarily diluted 
when the animal is transfused. The per- 
sistence of vasodepressor activity in the blood 
of shocked animals is in contrast to its 
transient effect when injected into the blood 
stream of normal rats for bio-assay. This 
points to the existence, under normal con- 
ditions, of mechanisms for removing this 
principle from the circulation. In vitro in- 
cubation experiments- have demonstrated 
that the healthy liver is the only tissue which 

• Aided by grants from the .Josinli Mney, .Tr., 
Foundation and the Eli Lilly Company. 

t Kesearcli Fellow from tlie Asuncion Medical 
School, Asuncion, Paraguaj’. 
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possesses an enzyme system capable of ox- 
idatively destroying However, its re- 

moval from the blood stream in the living 
animal may be a more complex phenomenon, 
with several accessory mechanisms potential- 
ly participating in clearing the blood of VDM. 
-Among these are the possible renal excre- 
tion of VDM into the urine, the inactivatioii 
of VDAI by some component of the blood, 
and the counterbalancing of the vasodepres- 
sor effect by the release from the kidney of 
the oppositelv acting vasoe-xcitor principle^ 
VEM. 

.A consideration of the mechanisms con- 
cerned with the precise regulation of VDM 
blood levels should weigh the relative con- 
tributions of both the liver and kidneys in 
clearing VDM from the circulation. E.xperi- 
ments were therefore carried out to deter- 
mine the rate at which endogenous or exo- 
genous VDAI was cleared from the blood 
stream of rabbits ivith the liver and kidne)’s 
intact, and with either the liver or the kid- 
neys, or both, e.xcluded from the circulation. 

Methods. The disappearance of exogenous 
VDAI was followed by the assay of blood 
samples taken at intervals following the in- 
travenous injection of a VDM concentrate 
prepared from anaerobic beef liver (method 
of preparation used by Dr. A. Mazur to be 
published elsewhere). The vasodepressor 
activity of the heparinized plasma samples 
was measured by the rat meso-appendix tech- 
nic* which uses the reactivity of the terminal 
arterioles and precapiilaries to epinephrine 
as an index of vasotropic effects. The potency 
of the liver concentrates ivas such the 0.1 y 

3 Chambers, E., Zweifacii, B. AV., Loweustein, 

B E. and Lee, E. B-, Pkoc. Soc. Exp. Biol, and 
Med., 1944, 5C, 127. 
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to 0.5 y of VDjM (on the basis of nitrogen 
content) produced a 20- to 30-niinute vaso- 
depressor effect in normal, 125 g rats, an 
effect similar to that produced by the in- 
jection of 0.5 cc of plasma from dogs in 
irreversible hemorrhagic or tourniquet shock. 

Four types of e.xperimental animals tvere 
used; 

(1) Controls with liver and kidneys in the 
circulation. Normal rabbits, and rabbits 
which had been partiall}’ eviscerated accord- 
ing to a technic described bj’ Engel,^ leaving 
intact the arterial blood supply to the liver 
via the hepatic artery. (2) Arenal animals. 
The renal artery and vein were tied off to 
e.Nxlude the kidne}’s from the circulation. 
(3) Hcpatectomized animals. Complete 
evisceration was carried out so as to exclude 
the liver from the circulation but leave the 
kidneys intact. (4) Hepatcctomizcd-arcnal 
animals. Complete evisceration e.xcluding 
both the liver and kidney from the circula- 
tion. 

A series of 16 rabbits, anesthetized with 
Seconal (25 mg per kg) were used in this 
group of e.xperiments. Following the opera- 
tive procedures the rabbits were transfused 
uith 20 to 40 cc of whole blood or 5% 
albumin until the blood pressure became 
stabilized in the 90 to 100 mm Hg range. 
Control blood samples gave a neutral bio- 
assay. Two to 3 cc of the liver VDM con- 
centrate were then injected intravenously 
and samples of femoral vein blood (2 to 3 cc) 
were removed within one to 2 minutes and 
at 10-minute intervals thereafter, until one 
hour had elapsed. For assay, about 0.5 cc 
of plasma was injected intravenously into 
normal rats in which the meso-appendix had 
been e.xposed for microscopic observation. 
The amount of VDiM present in the injected 
blood samples was determined by noting the 
length of time that the terminal arterioles 
of the test rat remained unresponsive to 
epinephrine. The details of this method of 
assay are given in previous publications of 
Chambers and Zweifach.^-s 

The disappearance of endogenous VDM 

F. C., Hnrrisoii, IT. C., ana Lono-, 
C. X. If., J. Krp. Mnh, 1044, 70, 0. ° 


was studied in the partially eviscerated rab- 
bit preparation in which the hepatic artery 
was left as the sole source of blood supply 
to the liver. Temporary hepatic anoxia was 
produced by placing a clamp on the hepatic 
arter}” for varying periods of time, for the 
purpose of inducing VDjNI formation in the 
liver. The re-establishment of the hepatic 
circulation after a 45- to 90-minute period 
of liver anoxia led to the appearance of VDhl 
in the blood stream. The disappearance of 
endogenous VDhl was followed in 5 rabbits 
with either both the liver and kidneys in 
the circulation, or uith the kidnej^s excluded. 

Restdts. A. The Disappearance .oj Exo- 
genous VDM. 1. Controls, Liver and Kid- 
neys in Circulation. The most rapid removal 
of VDM from the blood was found in the 
control series of animals in which both the 
liver and kidneys were intact. As shown in 
Fig. 1, blood taken one to 2 minutes after 
injection of vasodepressor concentrate gave 
a 25- to 35-minute VDM bio-assay and then 
rapidly fell off in activity, becoming neutral 
within 30 to 40 minutes. The higher the 
initial blood concentration of VDJI, the 
longer was the period required for the ani- 
mal to clear the blood of this principle. 

2. Arenal .Animals. When the kidneys 
were tied off and the liver allowed to remain 
in the circulation, the VDM blood levels 
showed a more gradual decline, the depres- 
sor principle remaining in the blood some- 
what longer than in control animals. In 
Fig. 2 it can be seen that the t’Dil was not 
completely cleared from the blood until 40 
to 50 minutes had elapsed. The gradual 
disappearance of VDj\I in these animals 
closeh' resembled the progressive inactivation 
of VDM which occurred when liver slices 
were incubated aerobically in vitro with simi- 
lar vasodepressor solutions.- 

3. Hcpatectomized .Animals. On the basis 
of in vitro inactivation experiments in which 
only the liver could inactivate VDM. it might 
be predicted that exclusion of the liver from 
the circulation should result in the accumula- 
tion of ^'DM in the blood. This, however, 
was not the case; in eviscerated-hepatectom- 
ized animals with an intact kidney circula- 
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CONTKOL RABBITS 
LIVER- KIDNEY INTACT 



Fiti. 1. Control Hiihhits — iiicliulos a ixirinal 
r:ilil)it (Q) ii!i(i a ]iar(ially ('viscerated raljbit ivitlt 
the heliatie artery to tlie liver intact and with the 
kidneys in the circulation (A)- 

(3) 

HEPATECTOMIZED RABBITS 
KIDNEYS INTACT 


12 ) 

ARENAL RABBITS 




Pig. 3. ITcpnlccloiiiicfd SahVits — animals were 
eviscerated, leaving kidneys in circulation. 


HEPATECTOMIZED- ARENAL RABBITS 



inals were hepatectoniized and renal pedicle tied off. 


PJG. 1. 2, 3, 4. 

Graphs of VDJt blood levehs following the intravenous injection of a vasodepressor concen- 
Irate jirepared from anaerobic beef liver. The amounts of vasodepressor material in the blood 
were determined by the rat meso-a])j>eiidix test and are expressed along the ordinate axis in 
terms of the number of minutes that the arterioles and prccapillaries remained unresponsive 
to epinephrine. 


tion, VDM disappeared from the blood with- 
in 30 to 40 minutes after its intravenous ad- 
ministration (Fig. 3). Since kidney tissue 
cannot inactivate VDM, another renal mecha- 
nism, presumably excretion, appeared to be 
the means for its removal under these con- 


ditions. This inference was confirmed by 
e.xperiments on the dog in which urine sam- 
ples were collected and tested for vasode- 
pressor activity. A dog was hepatectomized 
and the kidneys left in the circulation. Blood 
and urine samples were taken following the 
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intravenous injection of the liver vasodepres- 
sor concentrate, the urine being collected 
from the bladder b}* means of an in-dwelling 
catheter. In order to eliminate the unde- 
sirable effects on the rat test of the concen- 
trations of urea and electrolytes in the urine, 
it was dialyzed against distilled water over- 
night in the refrigerator before being tested. 
Considerable quantities of \'D;M were found 
in the urine after the intravenous injection 
of VDiM, whereas the control urine showed 
only a mild vasodepressor activity. The e.v- 
cretiori into human urine of a principle hav- 
ing similar vascular depressor effects has re- 
cently been demonstrated in this laboratorj’ 
by Dr. R. F. Furchgott. 

The difference between the controls and 
the arenal animals points to the participa- 
tion of the kidney in the removal of VDM 
from the blood. .Additional evidence for 
such participation was obtained from e.xperi- 
ments in which meso-appendix assays were 
made on both normal rats and arenal rats 
using the same VDM sample. When the kid- 
neys were tied off, the depressor effects of 
VDAI on the peripheral vessels persisted for 
longer periods than in normal rats. 

Blalock’’ and more recently Van Slyke and 
co-workers” have shown that renal blood flow 
is reduced to negligible levels in profound 
shock. The loss of the renal-e.xcretory route 
for VD5I disposal undoubtedly sen’es as an 
additional factor to perpetuate the blood 
vasodepressor activiU’ and thereby contrib- 
utes to the development of an irreversible 
state. 

4. Hcpatcctomizcd-Arciial Animals. The 
kidneys and the liver appear to be the onh’ 
tissues concerned with the removal of VDAI 
from the_ blood. When both these organs 
were e.xcluded from the circulation of the 
rabbit, the blood level of VDM remained 
significantly unaffected over a period of an 
hour, the duration of the e.xperiment (Fig. 4). 

The persistence of VDiM activit}' in the 
blood in the absence of the liver and kidney 

Blniock. A., .nnrt Li'vy. S. E., .Im. J. PlnixioJ., 
1037 . 118 , 7 . 34 . 

'• V;jn Slykt'. 11. 1)., :in(I cu'Workvr*?, Conftrrnrc 
nil Ilrmiirrliiipc, .liiii, .Y. I'. .Iciiil. Sri., 1040. 


indicated that the blood per sc was not con- 
cerned with \'DAI inactivation. This was 
further confirmed by the observation that 
plasma or serum suffered little or no loss 
in I'DM activiW during aerobic incubation 
at 37.S°C for 2 to 3 hours. 

Previous in vivo experiments- have dem- 
onstrated that the capacitj- of the liver to 
inactivate I'DM is progressively impaired in 
shock by the hypoxic state in the organ. In 
the present series a similar situation was en- 
countered in 3 rabbits which had developed 
profound hypotension for about 60 minutes 
following accidental blood-loss during the 
evisceration procedure. The rabbits were 
then transfused with large amounts of whole 
blood until they had returned to normal 
blood pressure levels. In one animal the 
kidnei's were then tied off and the VDAI con- 
centrate injected into the blood stream. Xo 
significant removal of \'DiI occurred and 
the animal went into profound shock fol- 
lowing the removal of only 8 cc of blood 
for testing purposes. In the other 2 rabbits 
the kidneys were left in the circulation. 
Despite the presence of the kidneys, the in- 
travenous administration of A'DM was like- 
wise followed by its persistence in the cir- 
culation and by a progressive fall of blood 
pressure to shock levels. 

B. T/ic Disappearance of Endogenous 
VDM. These studies were made on a spe- 
cial preparation in which the gastro-intestinal 
tract was completely removed depriving the 
liver of its portal blood supply but leaving 
the hepatic artery intact. Long and co- 
workers” have found that the liver in such 
animals is maintained in a healthy condition 
for at least 4 to 5 hours, the duration of 
their obsen’ation. In our own studies, the 
aerobic state of the liver metabolism under 
these circumstances is indicated by the ab- 
sence of VDM in the blood. When the 
hepatic artery was occluded for 60 minutes 
and then released, considerable amounts of 
VDM appeared in the blood stream within 
15 minutes. In animals with an intact renal 
circulation, the I'DM disappeared from the 
blood within 60 minutes after release of the 
hepatic clamp. When the kidneys were tied 
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off before releasing the clamp on the hepatic 
arter}’’, large amounts of VDM accumulated 
in the blood. The blood pressure fell ' to 
shock levels within 45 minutes. Evidently, 
the VDM inactivating mechanism of the 
liver had been damaged by the period of 
anaerobiosis and was no longer capable of 
inactivating the VDM in the blood. 

Summary. In vitro studies have shown 
that the vasodepressor principle, which ap- 
pears during the hypo-reactive stage of shock 
and results from the ano.xia of liver and 
skeletal muscles, can be inactivated under 
aerobic conditions by healthy liver slices. 
The present study was concerned with the 
mechanisms b\' which endogenous and exo- 
genous \'DM are removed from the circula- 
tion of the living animal. The exogenous 
VDM was concentrated and purified from 
saline extracts of anaerobic beef liver. The 
endogenous VDM was released into the blood 
following liver anoxia produced by tem- 


porary occlusion of the hepatic artery in a 
partially eviscerated preparation. Two mecha- 
nisms for' VDj\I removal' were revealed: 

(1) its inactivation by the healthy liver; 

(2) its e.\cretion into the urine by the nor- 
mal kidney. A preliminary period of hepatic 
anoxia rendered the liver incapable of inac- 
tivating VDhI in vivo, presumably through 
anoxic damage to the hepatic enzyme system 
for this function. This situation is analogous 
to the progressive impairment of the VDM 
inactivating mechanism in the liver which 
develops during the course of shock and 
which is considered responsible for the per- 
petuation of the hypo-reactive state of the 
peripheral vascular system. The loss of the 
renal excretory function for VDM during 
hjTio-reactive shock deprives the animal of 
an important means of clearing the blood of 
VDM and thereby aiding in liberating the 
vascular bed from this decompensatory vaso- 
tropic principle. 
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Functional Components of the Greater Superficial Petrosal Nerve. 

James 0. Foley. 

From the Department of Anatomy, ^[cdical Cotlcyc of AtaVama, Dirmingham, Ata. 


Larsell and Fenton^ early emphasized the 
importance and pointed out the inadequacies 
of our knowledge of the greater superficial 
petrosal nerve. Later Chorobski and Pen- 
field- added emphasis to the subject by dem- 
onstrating that the ner\'e is an important 
pathivay for vasodilator fibers of the seventh 
cranial nerve to the pial arteries. More re- 
cently Foley and DuBois^ e.xperimentally 
separated the functional components of the 
nerve in a limited number of animals and 
described its varieties of sensory and motor 

1 Larsell, 0., and Fenton, E. A., Laryngoscope, 
1928, 38, 371. 

2 Chorobski, .T., aiia Penfield, W., Arch. Near, 
amt Psychiat., 1932, 28, 1257. 

3 Foley, J. O-j nnd DuBois, F. S., J. Comp. A cur., 

1943, 79, 79. 


fibers. Numerative studies on the function- 
al components of the greater superficial 
petrosal nerve, in a satisfactory number of 
animals, are needed to complete our knowl- 
edge of the composition of the nen^e. 

Methods. The motor nerve fibers of the 
greater superficial petrosal nerve of the right 
side of 9 cats and one dog were eliminated 
by cutting the rootlets of the facial nen^e 
within the cranium. This operation pro- 
duced a nerve that, aside from an occasional 
easily identifiable^ S)mipathetic fascicle, con- 
sisted only of sensory axons derived from 
the geniculate ganglion of the seventh cranial 
nerve. 

After allowing a minimum of 14 days for 
disappearance of the motor axons, the right 
degenerated and left normal nerves of each 
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animal were secured and processed for enu- 
meration of the nu'elinated and unnn'elinated 
nerve fibers with a variant of either the 
pjTidine silver”* or Bodian technic,”* 

Complete counts were made in selected 
cross sections”* of the sensorj- axons which 
remainfed in the degenerated nerves, whereas, 
the combined sensory and motor nerve fibers 
of the ner\-e5 of the unoperated sides were 
estimated in transverse sections by means of 
the strip method.'” The number of motor 
axons that were present in the deefierented 
nerves before operation was approximated by 
subtracting tlie sensory fibers which remained 
in the degenerated nen'e from the combined 
motor and sensory axons which were enu- 
merated in the control nerve. 

The total number of nerve fibers and the 
unmyelinated axons in both the degenerated 
and normal ner\'es was counted or estimated. 
The number of myelinated nen^e fibers was 
then derived by subtracting the unmyelinated 
U'pe of axons from the total number of nen'e 
fibers. 

Results. The normal greater superficial 
petrosal nerve of the cat (Table I, unoper- 
ated side) contains from 1640 (cat 127) to 
2717 (cat 2) combined sensory and motor 
axons. The myelinated sensory and motor 
axons of the intact petrosal nerve vary from 
1025 (cat 127) to 1981 (cat 164). whereas 
only 158 (cat 164) to 811 (cat 161) are 
without myelin sheaths. The single normal 
specimen of die petrosal nerve of the dog 
(dog 1, Table I) has 3487 axons which are 
divided into 2299 myelinated and 1188 un- 
myelinated neiA-e fibers. 

Of the deefferented nerves of the cat which 
contain only sensory fibers (s. Table I), the 
total number of sensorx' axons varies from 
366 (cat 162) to 845 (cat 2). The mj'- 
elinated type of sensori' nen’e fiber ranges 
from 252 (cat 162) to 706 (cat 126) and 
the unmyelinated t\”pe of sensory axon varies 
from 18 (cat 5) to 421 (cat 2). The 
deefferented petrosal nerve of the dog had 

■< i'olcv. .1. 0., Penpor, II. I?., niul Ko?sler, W. II., 
.7, Coviip. A'riir.. iniC. So. 141. 

r- D.avonport, H. A., and Barnes. J. F., Stain 
Tech.. inST. 10, 139. 
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960 sensory axons and these included 664 
with myelin sheaths and 296 that lacked 
.myelin- sheaths; • 

The greater superficial petrosal nerve of 
the cat contains from 840 (cat 127) to 2228 
(cat 162) motor axons (m, Table I). The 
myelinated tj-pe of motor axon ranges from 
445 (cat 127) to 1709 (cat 164). Feiver 
unmyelinated motor axons, 61 (cat 164) 
to 719 (cat 161), were found in the greater 
superficial petrosal nerves of the 9 cats under 
consideration. The petrosal nerve of the 
dog had 2527 motor nerve fibers and of 
these 1635 were myelinated and 892 un- 
myelinated. 

It is apparent from those data and the 
averages listed in Table I that the motor 
a.vons are the predominant functional type 
of nerve fiber in the greater superficial 
petrosal nerve of the cat and dog. Although 
the proportion of total sensory to total motor 
axons may approach a 1:1 ratio as in cat 127, 
Table I, where there are 1.05 motor axons 
for each sensory nerve fiber; yet, on the 
other hand, there may be as many as 0.08 
motor nerve fibers for each sensory axon 
(cat 162). A similar spread in the ratio be- 
tween sensory and motor axons occurs when 
only the myelinated varieties are considered; 
compare cat 127 with cat 162. There is a 
greater spread in the ratio of sensor}' to mo- 
tor axons when only the unmyelinated variety 
of axon is considered. There may be a few 
more sensory unmyelinated nerve fibers (cat 
2, 164) or a pronounced excess of unmy- 
elinated motor axons (cat 5). The average 
numbers of sensory and motor axons of all 
t}'pes (Table I, averages*) show essentially 
the same proportionate deviation to the motor 
side. In the single specimen of the dog, 
the ratio of sensory to motor axons of all 
varieties approaches a magnitude of 1:3 
(Table I, dog 1*). 

Discussion. The only comprehensive work 
on the number of nerve fibers in the normal 
greater superficial petrosal nerve is that of 
Van Buskirk.'' Van Buskirk listed 252 to 
2268 nerve fibers of all types in 13 nerves 
of the cat, 654 to 3947 axons in 39 counts 

ifiS, 8^. 30 :l 


of the petrosal nerve of the dog and 862 
to 1687 nerve fibers in the greater super- 
ficial petrosal nerve of man. 

The total number of axons (3487) re- 
ported by the author for the normal greater 
superficial petrosal nerve of the dog (Table 
I, unoperated side) fits into the range in 
number of axons which Van Buskirk records 
for the greater superficial petrosal nerve of 
the dog. 

The enumerations in the intact petrosal 
nerve of the cat which have been made by 
the writer (Table I, unoperated side) ap- 
proximate the maximum number reported by 
Van Buskirk. In no instance was any count 
as low as the minimum figure recorded by 
Van Buskirk. Most of the a.\-on values re- 
ported herein for the intact greater super- 
ficial petrosal nerve, however, were within 
10% of the maximum number given by Van 
Buskirk for the normal petrosal nerve of 
the cat. Deviations of this percentile value 
represent a reasonable check. The explana- 
tion for the difference in the minimal and 
maximal values reported by Van Buskirk and 
the writer is not apparent; it may be due 
to normal variation in the nerves of different 
animals, to the difference in the quality of 
the silver preparations used by 2 different 
workers, or it may be a consequence of the 
different methods used in the 2 investiga- 
tions for estimating the number of nerve 
fibers. 

There is a poverty of experimentally de- 
rived data on the ratio of sensory to motor 
fibers in the greater superficial petrosal 
nerve. Of recent interest are the experi- 
mental results of Schimerf and Kure and 
Sano.'* Schimert believes that the nerve con- 
tains very few if any sensory a.xons; since 
he was unable to see any myelinated axons 
in the greater superficial petrosal ner\'e of 
the rat and but few axons in the greater 
superficial petrosal nerve of the cat after 
cutting the facial nerve proximally in these 
animals. Kure and Sano report that the 

/■ For.'tch., ]93C, 

39, 35. 
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Fig. 1. 

From a cross section of tlie orcatcr superficial petrosal nerve of the cat which has been freed 
of motor fibers of seventh nerve origin. Attention is directed partieularly to the peripherally 
situated fascicle of sympathetic nerve fibers. Pyridine silver stain. 


greater superficial petrosal nert'e of the dog 
contains but few myelinated axons either be- 
fore (276) or after (145) deletion of its 
motor nerve fibers by intracranial section of 
the facial nerve. The obsen’ations of these 
authors are not in accord with the experi- 
mental findings of the writer: for, not only 
do the normal greater superficial petrosal 
nerves of the cat and dog contain large num- 
bers of myelinated nerve fibers but a sizea- 
ble number of myelinated senson.- fibers re- 
mains in the nerves of both animals (s, Table 
I, operated side) after the motor fibers have 
been eliminated. 

In our original report" on the greater su- 
perficial petrosal nerve of the cat, it was 
stated that roughly 62% of the axons of 
the nerve was motor. Now it is evident that, 
although the nerves of some cats (cat 126) 
may contain about this proportion of motor 
axons, there may be less (cat 127, 51%) or 
more (cat 162, SS^o) motor nerve fibers 
in the greater superficial petrosal ner-ve of 
the cat. The average number of motor nerve 
fibers in the nerve of the cat (Table I) con- 
stitutes about 72% of the total number of 
neivus intermedius axons in the greater su- 
perficial pretrosal nerve. 

Finally, the proposed ratios (Table I*) 
between sensory and motor fibers may not 


be an exact representation of the ratios of 
sensory to motor axons which are exclusive- 
ly of seventh nerve origin. A relatively 
small number of axons in both the operated 
and intact nerves may be sympathetic in 
origin; since, as reported earlier,® one or 
more small fascicles of postganglionic sym- 
pathetic motor axons may enter the greater 
superficial petrosal nerv'e at or just distal to 
its origin from the geniculate ganglion. These 
fascicles (Fig. 1) can be readily identified 
by one familiar with the anatomy of post- 
ganglionic bundles and the a.xons of these 
aggregations have been omitted in the enu- 
merations which are recorded in Table I. On 
the other hand, some of the sjTnpatbetic nerve 
fibers may scatter from these bundles® among 
the intermedius axons of the greater super- 
ficial petrosal nerve. Such intermingling 
would influence the enumerations for total 
and unmyelinated axons but would not af- 
fect the ratios of myelinated sensory and 
motor nerve fibers since practically all post- 
ganglionic sympathetic axons are without 
demonstrable myelin sheaths.® 

Suinriiary. The normal greater superficial 
petrosal neive of the cat averages 2 193 a.\ons 
and of these, 1625 are myelinated and 568 

0 Foley, .T. O., ,T. Comp. Xcur., 1P45, 82, 77. 
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960 sensory axons and these included 664 
with myelin sheaths and 296 that lacked 
.myelin- sheaths. . 

The greater superficial petrosal nerve of 
the cat contains from 840 (cat 127) to 2228 
(cat 162.) motor axons (m, Table I). The 
myelinated tj^je of motor axon ranges from 
445 (cat 127) to 1709 (cat 164). Fewer 
unm.velinated motor axons, 61 (cat 164) 
to 719 (cat 161), were found in the greater 
superficial petrosal nerves of the 9 cats under 
consideration. The petrosal nerve of the 
dog had 2527 motor ner\'e fibers and of 
these 1635 were myelinated and 892 un- 
myelinated. 

It is apparent from these data and the 
averages listed in Table I that the motor 
axons are the predominant functional type 
of nerve fiber in the greater superficial 
petrosal nen-e of the cat and dog. Although 
the proportion of total sensory to total motor 
axons may approach a 1:1 ratio as in cat 127, 
Table I, where there are 1.05 motor axons 
for each sensorx’ nerve fiber; yet, on the 
other hand, there may be as many as 6.08 
motor nerx’e fibers for each sensory axon 
(cat 162). A similar spread in the ratio be- 
tween sensory and motor a.xons occurs when 
only the myelinated varieties are considered; 
compare cat 127 with cat 162. There is a 
greater spread in the ratio of sensor}' to mo- 
tor axons when only the unmyelinated variety 
of axon is considered. There may be a few 
more sensory unmyelinated nerve fibers (cat 
2. 164) or a pronounced e.xcess of unmy- 
elinated motor axons (cat 5). The average 
numbers of sensory and motor a.xons of all 
tj'pes (Table I, averages*) show essentially 
the same proportionate deviation to the motor 
side. In the single specimen of the dog, 
the ratio of sensory to motor axons of all 
varieties approaches a magnitude of 1:3 
(Table I, dog 1*). 

Disciissiofi. The only comprehensive work 
on the number of nerve fibers in the normal 
greater superficial petrosal nerve is that of 
Van Buskirk.o Van Buskirk listed 252 to 
2268 nerve fibers of all types in 13 nerves 
of the cat, 654 to 3947 a.xons in 39 counts 


of the petrosal nerve of the dog and 862 
to 1687 nerve fibers in the greater super- 
ficial petrosal nerve of man. 

The total number of axons (3487) re- 
ported by the author for the normal greater 
superficial petrosal nerve of the dog (Table 
I, unoperated side) fits into the range in 
number of axons which Van Buskirk records 
for the greater superficial petrosal nerve of 
the dog. 

The enumerations in the intact petrosal 
nerve of the cat- which have been made by 
the Writer (Table I, unoperated side) ap- 
proximate the maximum number reported by 
Van Buskirk. In no instance was any count 
as low as the minimum figure recorded by 
Van Buskirk. Most of the a.xon values re- 
ported herein for the intact greater super- 
ficial petrosal nerve, however, were within 
10% of the maximum number given b.v Van 
Buskirk for the normal petrosal nerve of 
the cat. Deviations of this percentile value 
represent a reasonable check. The e.vpJana- 
tion for the difference in the minimal and 
maximal values reported by Van Buskirk and 
the writer is not apparent; it may be due 
to normal variation in the nerves of different 
animals, to the difference in the quality of 
the silver preparations used by 2 different 
workers, or it may be a consequence of the 
different methods used in the 2 investiga- 
tions for estimating the number of nerve 
fibers. 

There is a poverty of e.xperimen tally de- 
rived data on the ratio of sensory to motor 
fibers in the greater superficial petrosal 
nerve. Of recent interest are the experi- 
mental results of Schimert" and Kure and 
Sano.* Schimert believes that the nerve con- 
tains Very few if any sensory axons; since 
he was unable to see an}' myelinated axons 
in the greater superficial petrosal nerve of 
the rat and but few axons in the greater 
superficial petrosal nerve of the cat after 
cutting the facial nerve proximally in these 
animals. Kure and Sano report that the 

/• 1036, 

30 , 35 . 

sKurc, K., iincl Sano, T., 2. /. Zellforsch. u. 
mil-r. Anaf., 1335, 23, 405. 


G Van Buskirk, C., J. Comp. Xcr.. 1945, 82, ;103. 
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liisitosin, be belie^'ed he could delect tfee 
presence of as little as 1 »^100.0DO of ouabain 
and 0.001 mg per cc of digito.xin. He fourd 
horrever, that there was a wide fluctuation 
in the time of appearance of the arrhythmia 
at any given concentration of the drug tested. 

Although the embnonic chick heart ap- 
peared to be suitable for emplotment in the 
detection of digitalis, it still was not sunicient- 
ly sensitive to give much promise as an aid 
in the quantitation of the concentration of 
digitalis in the human body. For this rea- 
son. the embiyonic duck heart was studied 
and compared to the chick heart in particular 
respect to their seasitir-ity to the digitalis 
glycoside, Lanatoside C. The results of this 
studr* are gh'en in this communication. 

Methods. The Emhryontc Duck Heart. 
Supposedlr' fertile duck eggs CiMiile Peking 
China) were incubated for SS-92 hours ai 
39'C. They then were transillumicated and 
the position of the ernfanm marked oa the 
shell. The shells were then partial!}' removed 
until the embiyo and its vascular sinus were 
in full r-iew. .\iter the diameter of the sinus 
had t^n measured, the total embrjo was 
removed with a sharp scissors and placed 
in a slide well containing TrTodes solution. 
Cnder a dissecting microscope (12X). the 
heart was removed from the embryo by means 
of dissecting, cataract knives. At this stage 
of development, the heart bulges from the 
body, just caudal to the head and easily can 
be identified. It also apparently represents 
one of the most adhesive, solid tissues of the 
embrj'o for it may be separated in its en- 
tirety by simple teasing of embrv'onk tissue 
h'ing adjacent to it. .\iter separation, the 
heart is fioated gently upon a small spatula 
and transferred to a second slide well con- 
taining 0,1 cc oi the solution to be tested. 
This second slide rests on the stage of a 
compound microscope which is in a box au- 
tomatically maintained at 33 'C, by means 
of an electric lamp of SO watts in circuit 
with a mercury thermostat and vacuum tube 
relay switch, .\fier this second trarsfer, the 
heart is observed through the microscone 
(30X) and (1) strength and rate of con- 
traction. (2) occurrence of an arrhvlhmia 


and (3) duration of beating are noted. 

It was found after preliminan- studies 
that those hearts of emarj-os contained in 
\uscular sinuses measuring from 20-30 mm 
in diameter were most suitable for the de- 
tection of the digitalis glycoside employed. 

Lanatoside C, the ghcoside of digitalis 
lanata. was used in all experiments. An 
ampule containing 0.2 mg per cc was opened 
for each days experiments. Dflutfons of 
this drug vaiv'ing from O.OQl to 0.00001 mg 
per cc were studied, after a control series of 
embri'onic hearts were immersed in simple 
T}Tcdes solution and studied. 

B. The Embryonic Chick Heart. Embiy- 
onk chick hearts were obtained and studied 
in the same manner except that (1) they 
were incubated only 66 hours at 3S.5'C 
and (2) no embiyo having a sinus diameter 
greater than 30 mm was used. 

Results. .\. The Embryonic Duck Heart. 
The embri'onic duck heart was found to be 
extraordinarily sensitive to the digitalis 
glycoside employed. The first indication of 
this sensitivity was an acceleration and an 
intensification in the vigor of cardiac oon- 
tractions. Then. Just prior to the occurrence 
of auriculoveniricular block (which was used 
as the actual indicator for the presence of 
digitalis) the heart was ohseived to contract 
irregularly, ver\- rapidly. Jerkily and weakly. 
The auriculoventric'dlar block alwa}3 began 
as partial .^-Y block and progressed to com- 
plete block. Concomitant with the pro- 
gression of the block, the irregularitj- of the 
rate of beating became more manifest. 
Finally, if sumcient concentrations of digi- 
talis were used, the heart stopped beating 
in systole. 

Thus it was found (Table I A) that when 
23 embryonic duck hearts were placed in 
O.I cc of a solution oontaining 0.001 mg of 
the glycoside per cc. each began to acceler- 
ate and all began to derooriStrate auriculo- 
ventricular block after an average period of 
12 minutes (range: 6 to 2S minutes). They 
ceased to beat after an average period of 37 
minutes (range: 29 to 62 minutes). Approxi- 
mately the same phenomena were ohseived 
when 15 hearts were placed in 0.1 cc oi a 
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are without myelin sheaths. A single intact 
nerve of the dog held 3487 nerve fibers, 
which were divided into 2299 myelinated 
and 1188 unmyelinated axons. 

An average of 597 sensory nerve fibers re- 
mains in the greater superficial petrosal nerve 
of the cat after its motor a.xons have been 
eliminated. Of this average number of 
sensory nerve fibers, 461 are myelinated and 
136 are unmyelinated. The deefferented 
petrosal nerve of one dog contained 960 
sensory a.\ons and 664 of these were my- 
elinated while 296 were without myelin 
sheaths. 


It is estimated that the greater superficial 
petrosal nerve of the cat has an average of 
approximately 1596 motor nerve fibers and 
these are divided info 1164 myelinated and 
432 unmyelinated nerve fibers. The greater 
superficial petrosal nerve of the dog con- 
tained 2527 motor axons and 1635 of. these 
were myelinated and 892 were unmyelinated. 

It is evident, therefore, that the majority 
of the axons of the greater superficial petrosal 
nerve are motor nerve fibers, there being an 
average of 2 plus motor fibers for each 
.sensory axon. 
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Exact quantitative information concerning 
the absorption and excretion (or destruction) 
of digitalis in the human body is still to be 
obtained. Such knowledge has not been 
gained primarily because of the absence of 
any test sufficiently sensitive to detect the 
relatively minute amounts of digitalis which 
must be present in the tissues of patients 
receiving digitalis. The use of the frog, cat 
and pigeon for the assay of digitalis has 
been limited to the quantitation of relative- 
ly large quantities of the drug and cannot be 
utilized for the demonstration of digitalis if 
the latter is present in but fractions of a 


microgram. 

Pickering' was the first to employ the 
embryonic chick heart for the detection of 
digitalis. Using embryos between 60-75 
hours of age, he demonstrated the striking 
similarity of such hearts to that of the adult 


* Aiacd by a grant from the Dazian Foundation 
for Medical Besearch and by a grant from the 


ijdoz Clicmical tVorhs, Inc. 

Pickering, J. W., /. Fhysiol., 1893, 14, 3S3. 


mammal, especially in regard to their re- 
sponse to digitalin and strophanthin. He 
found that the embryonic chick heart would 
cease beating after the injection of 0.012 mg 
of digitalis in situ. Lagen and Sampson” ap- 
plied digifoline directlj'- upon the embryonic 
heart of the chick and were able to demon- 
strate an electrocardiographic effect after 
such a procedure. HalU also employed the 
embryonic chick heart for the assay of crude 
digitalis. Paff'"® dissected the heart from 
the chick embryo and immersed it in the 
solution containing the drug to be tested. 
Using the occurrence of an arrhythmia as a 
test for the presence of both ouabain and 

eXiigcn, J. B., and Sampson, J. J., Proo, Soc. 
E.xp. Biol, axd Med., 1932, 2», 735. 

3 Hall, E. M., Am. J. Pliarm., 1932, 104, 310. 

•I Faff, G. H., J. Pliarm. and Exp, Tlicrap., 1932, 
00, 311. 

r. Paff, G. H., and Jolmsoii, J. E., Am. J. Physiol., 
1938, 120, 753. 

opaff, G. H., A. Pharm. and Exp. Thcrap., 1940, 
70, 235. 
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Conchtsion. The embn'onic duck heart, 
similar to the embryonic chick heart was 
found to exhibit sensitivity to the action of 
a digitalis glycoside as characteriaed by al- 
teration in rate, rhythm and force of con- 
traction. ^loreover the embr 3 'onic duck 


heart was able to be used to detect as little 
as one two-hundredth of a microgram of 
the digitalis glycoside (Lanatoside C.) This 
is thought to represent the most sensitive 
indicator now available for the presence of a 
digitalis glycoside. 
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Pleuropneumonia-like organisms (P.P.L.O.) 
were isolated from the genito-urinary tract of 
human patients and in rare cases from other 
locations.'"'’ Such organisms are often pres- 
ent in the vagina or cen-ix without apparent 
connection with any disease. In males they 
occur onlj’' in pathological conditions, and, 
according to observations collected in the last 
few years, they plaj- a noticeable role as 
causative agents in urethritis, prostatitis and 
cystitis. They have been isolated from cases 
of severe cystitis which were repeatedly nega- 
tive for the usual bacteria. Infection of 
the genito-urinarj^ tract was complicated in 
about 30% of the cases with acute poly- 
arthritis. It is essential in studying the role 
of these organisms in human disease that the 
methods used for their culture and identifica- 
tion be free from error. 

* The cx])fiises of this investigation liave been 
defrayed in part Iiy a grant from tlie Coninion- 
wealth Fund. 

This is publication Xo. 91 of the Robert W. 
Lovett Memorial Foundation for the study of 
crippling disease. 

r Dienes, L., Pboo. Soc. Kxf. Biou .vxD Med., 
1940, 44, 470. 

- Dienes, L., and Smith, IV. E., Pnoc. Soc. Exe. 
Biol. .\nd Med., 1942, oO, 99. 

3 Beveridge. W. .T. B.. Mcil. ,1. An.stralia, 1943, 
2, 479. 

r Klicncberger-Xobel, E., The Lancet , 194o, 2, 4(1. 

Salanian. M. II., and collaborators, .7. Path. 
Bact., 1940. 58. 31. 


The presence of P.P.L.O. can be proven 
only b\' cultivation. Thejr grow on media 
enriched with human or animal serum or 
with ascitic fluid. Large colonies (0.1- 
0.3 mm) can be identified with the low pow- 
er of the microscope. If the colonies remain 
small (.01-0.1 mm) as often happens in cul- 
tures from pathological specimens, thej^ can- 
not be identified by this method. The agar 
fixation method which Klieneberger' and 
Salaman’’ used utilizes the impression left by 
the culture on a coverslip. Small colonies 
do not adhere to the glass and can not be 
recognized. This method is subject to error 
even in the case of large colonies. Thei'’ are 
identified b\r the round bodies which develop 
on the surface layer and it is not unusual 
for bacteria to produce similar large bodies. 
The most reliable method for the identifica- 
tion of the P.P.L.O. is the use of stained 
agar preparations.® A square of the agar 
culture is cut out and is then covered with 
a coverslip carrying the stain. The colonies 
are present in their entirety in the prepara- 
tions and can be identified with certainty. 

Demonstration of P.P.L.O. is usually not 
possible in the presence of abundant bac- 
terial growth. The P.P.L.O. are resistant to 
sulfonamides and to penicillin both of which 
were recommended to suppress bacterial 
growth. Salaman used penicillin cups for 
this purpose.'’ The author can confirm the 


‘■•Dienes, L., J. Inf. Discase.s, 1939, Co, 24. 
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TABI/E I. 

ElTcct of Digitalis on the Euibr>-onie Duck am] Cliick Heart. 


Diffitalis 

(nig/ec) 


Avg sinu.s 
ilinwctcr 
(mill) 


llenrts 

(Ho.) 


A-V 

block 

(Ho.) 


On.'ict- 

A-V 

block 

(min.) 


Euratioii of 
(leafing 

(min.) Avg rate 


A. Einliryonic Duck Heart. 


Type of 
Contractions 


0 (control) 

.lO 

15 

0 

— 

>00 

50 

Moderate 

.001 

.0005 

31 

.i;] 

23 

1.5 

23 

in 

12 

15 

37 

42 

85 

82 

Vigorous 

>y 

.0001 

20 

15 

in 

35 

54 

70 

n 

.0000.5 

32 

18 

14 

30 

>00 

73 

5 i 

.00001 

2S 

Hi 

0 

— 

>00 

01 

htoderntc 




B. Embryonic 

Chick 

Hc.ort. 



0 (ooiifrol) 

27 

10 

0 



>00 

70 

It 

.001 

21 

25 

21 

15 

41 

00 

Vigorous 

.0005 

23 

14 

10 

18 

>00 

00 

}> 

.0001 

17 

10 

0 

— 

>00 

82 

Jloderate 


solution containing 0.0005 mg of gl}’coside 
per cc (Table I A) e.\cept that onset of 
auriculoventricular block occurred somewhat 
later (average; 15 minutes) and the hearts 
continued to beat somewhat longer (average: 

42 minutes). When 15 hearts were placed 
in a solution containing 0.0001 mg of glj’- 
coside per cc, auriculov'entricular block oc- 
curred in all of them (Table I A) but the 
average time of onset was 35 minutes. These 
latter hearts also continued to contract for 
an average period of 54 minutes (range: 

43 to 71 minutes). Auriculoventricular 
block occurred in 14 of 18 hearts (78%) 
placed in a solution containing 0.00005 mg 
of glycoside per cc after an average period 
of 39 minutes (range: 24 to 68 minutes). 
The longevity of these hearts was not af- 
fected however by the concentration of 
glycoside emp]o)'ed. No auriculoventricular 
block occurred in any of 16 embryonic hearts 
immersed in a solution containing 0.00001 mg 
of glycoside per cc (Table I A). 

B. T//C Embryonic Chick Heart. As can 
be seen by inspection of Table I B, the 
action of the digitalis glycoside on the em- 
bryonic chick heart was similar to its effect 
upon the duck heart e.vcept that the former 
type of heart was much less sensitive to 
the drug. Thus (Table I B) whereas a con- 
centration of as little as 0.00005 mg of 
glycoside per cc could be detected by the use 
of the duck heart preparation, only 0.0005 
mv per cc could be detected by the chick 


heart. Furthermore, ev'en as much of the 
digitalis glycoside as 0.001 mg per cc could 
not be invariably delected by using the chick 
heart method. 

Discussion. The above results indicated 
that the embryonic duck heart was far more 
sensitive to the digitalis glycoside employed 
than the embryonic chick heart. By the 
former’s employment, 0.1 cc of a one to 20 
millionth dilution of Lanatoside C. (0.000005 
mg) could be defected. It is believed that 
this represents the most sensitive indicator 
for the presence of a digitalis glycoside yet 
described. 

The embryonic heart of the duck also has 
certain advantages ior its use in the study 
of cardiac physiology. Pickering^ earlier 
stressed the similarity of the chick heart to 
the mammalian heart and it is most likely 
that the duck heart also has the same simi- 
larities. There are no nervous elements in 
the embryonic heart at this stage, ^ a state of 
affairs which allows the study of cardiac 
musculature alone. Furthermore, the ability 
of this t 3 pe of heart to contract regularly 
over a period of at least 60 minutes in very 
small quantities of fluid, allows the possi- 
bility of testing samples, meager in amount. 
Finall.v, because of the relative paucity of 
tissue'composing the heart, more opportuni- 
ty is allowed for changing the ionic milieu of 
the cardiac cells (when desired) than might 
be possible were an adult mammalian heart 
the subject of e.xperimentation. 
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Photograpli 1 shows welI-develoi)cd colonies of the P.P.L.O. isolated from B. iiifiu- 
cncae (X 90). 

Photograph 2 shows a medium-sized colony with high magnification (X 3000). 
The colony is emhedded in the agar and the shape of the indiridual organisms is not 
clearly defined. 

Photograph '3 shows the edge of the colony of the parent H. infl\icn:ae strain 
(X 3000). The organisms arc larger than in Photograph 2 and have a sharp contour. 

Photographs 1 and 2 were made from stained agar preparations; No. 3 was made 
from an impression preparation after agar fixation. 


ance or develop into tiny colonies resembling 
the organisms of bovine pleuropneumonia. 
The pleuropneumonia-like (P.P.L.) growth 
of H. influenzae remained very small, and it 
could not be determined whether or not they 
were able to grow indefinitely since they were 
always overgrown by regular bacterial forms. 

Pierce® has observed that penicillin facili- 
tates the isolation of Li from StrcptobaciUus 
m. by the elimination of the regular bacterial 
forms. .*^fter some experimentation with 
penicillin a procedure was found by which 
pleuropneumonia-like organisms (P.P.L.O.) 
can be isolated from cultures of H. influenzae 
and grown in pure culture. 

H. influenzae is planted heavily on blood 
agar plates. One or several small troughs 
are made on the agar without cutting through 
it, and in each is placed a drop of solution 
containing 2000 units of penicillin per ml. 
After absorption of the penicillin solution 
the plates are made anaerobic by growing 
B. prodigiosus together with the culture and 
sealing the petri dish with paraffin. The 
plates are incubated at 30°C and and 
are opened after 1, 2, 3, and 4 days. Bac- 
terial growth is completely inhibited in an 

3 Pierce, C. 11., per.'ioiml commiinic.'itions. 

■» Dienes, L., Proc. Soc. Exp. Bioi,. .\xd JtED., 
1940, 44, 470. 


area 2 to 3 cm in diameter around the trough. 
It is apparent in stained agar preparations 
that in the area of inhibition the originally 
deposited bacteria swell up into large round 
bodies sometimes as large as IS to 20 micra 
without any indication of multiplication. In 
the border area where growth becomes ap- 
parent the organisms are swollen in a similar 
way. Further out they are replaced first by 
filaments and then by bacilli of the usual 
appearance. The swollen organisms do not 
show any sign of development if they are 
transplanted. However P.P.L. growth be- 
gins to develop from a few large bodies in 
the area in which bacterial growth is in- 
hibited. Often after 48 hours many P.P.L. 
colonies are visible in stained agar prepara- 
tions, and after 3-4 days a crop of tiny col- 
onies, visible with the hand lens, grows in 
the zone of inhibition. These colonies are 
embedded in the agar and correspond in ap- 
{learance and morphology to the organisms 
of the pleuropneumonia group. 

The tiny colonies can be transplanted by 
cutting out a piece of agar containing them 
and smearing it on blood agar and boiled 
blood ascitic agar plates. The plates are 
treated with penicillin as were the original 
ones and are incubated anaerobically with B. 
prodigiosus. The cultures later can be grown 
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effectiveness of penicillin, but without neces- 
sary precautions its use leads to error and 
will confuse the study of P.P.L.O. 

One source of error is that in the area of 
inhibition, the colonies may remain very 
small, and the organisms may swell up into 
large round bodies. They can not be dis- 
tinguished in an impression preparation from 
colonies of P.P.L.O. It is probable that the 
colonies which Salaman identified as mixed 
colonies of Gonococci and P.P.L.O. were such 
altered Gonococcus colonies. The author has 
never seen P.P.L.O. and Gonococcus together 
in cultures from male patients. 

This source of error can be eliminated by 
using stained agar preparations in which peni- 
cillin does not interfere with the identifica- 
tion of P.P.L.O. 

The second source of error is the fact 
that P.P.L.O, can develop from bacteria un- 
der the influence of penicillin. It has been 
shown in another paper that this occurs in 
pure culture of //. iiijlucuzac.' From a series 
of 14 throat cultures which were recently 
studied, P.P.L.O. developed in 10 in the vi- 
cinity of the penicillin cups. The distribu- 
tion of the colonies indicated that they were 
produced by the penicillin. They were situ- 

~ Biciics. L., Proc. Soc. Bxp. Bion. and JIcd., 
in jiross. 


ated in the area of inhibition and were ab- 
sent in the area not exposed to penicillin. 
Colonies of P.P.L.O. never develop in throat 
cultures without the use of penicillin, while 
they grow very well together with bacteria 
in cultures from the genilo-urinary tract. 

According to these observations, penicillin 
can be used only to screen the specimens for 
the presence of P.P.L.O. In order to be sure 
that the}' are present in the specimens and 
are not produced from bacteria, their col- 
onies must be seen also in cultures not treated 
with penicillin. The P.P.L. strains isolated 
from human patients form a heterologous 
group, and it is important to distinguish those 
which are connected with bacteria from those 
which, like the animal pathogens, do not 
show such connection. 

Suvntiary. Penicillin is of considerable 
help in isolating pleuropneumonia-like organ- 
isms from specimens contaminated with bac- 
teria. Penicillin alters the colonies of cer- 
tain bacteria in such a manner that in im- 
pression preparations they become indis- 
tinguishable from pleuropneumonia-like or- 
ganisms. Furthermore penicillin may induce 
the growtJi of pleuropneumonia-like organisms 
from bacteria. To prove that these organ- 
isms are present in the specimens, the char- 
acteristic colonies must be apparent in the 
cultures without the use of penicillin. 
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It has been previously noted ^ that certain 


~ » Tlie expenses of this investig.ition liave been 
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1 Diene.s. L., J. Bactcrinlopn, 


1942, 44, ST. 


strains of H. itijlneuzac show a pleomorphism 
similar to that observed in StTCptobacillus 
ntonifijoriuis^ and bacteroides.- The bacilli 
swell up into large round bodies which either 
disintegrate into bacteria of usual appear- 

e Dienes, h., and Smith, W. E., .T. Bactenologp. 
1.944, 48, 125. 
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It is an established fact that when Try- 
panosoma Icwisi is cultured on N.N. (Novy 
and MacNeal) medium^ and subcultured at 
3- or 4-week intervals the strain remains in- 
fective to rats during the first year of cul- 
tivation. However, at the end of 2 years’ 
in vitro cultivation the strain loses its ability 
to infect rats, even if a massive inoculum 
prepared from several cultures is injected into 
young or splenectomized rats.""* 

The question whether or not Trypanosoma 
crtizi also becomes attenuated after a similar 
period of in vitro cultivation had not been 
investigated previous to this study. Since 
we have in our possession a strain of Tr. 
ernzi which has been kept in vitro for nearly 
13 years without animal passage, this prob- 
lem was studied. 

Methods and Materials. A naturally in- 
fected Triatoma genietdafus received from 
Panama was crushed and the intestinal con- 
tents of the insect were inoculated into a 
guinea pig. On June 20, 1932, a strain of 
Tr. criizi was cultured from the guinea pig’s 
blood on N.N. medium.* This culture has 
been maintained on N.N. medium at room 
temperature or at 25 °C. Subcultures were 
made usualh^ eveiy^ 4 to 8 weeks; occasion- 
ally a longer inter\'al was allowed to elapse 
before transfers were made.^ During this 
13-j'ear period, the strain was subcultured 
81 times without any animal passage. 


1 Novy, F. G., .and il.acNe.tl, W. J., J. Infect. 
Dis., 1904, 1, 1. 

2 Novj-, P. G., Perkins, W. A., and Cliainbers, K., 
J. Infect. Dis.. 1912, 11, 411. 

3 Behrens, C. A., .T. Infect. Dis., 1914, 15, 24. 

•1 Packchanian, A., Science, 1934, 80, 407. 

Packchanian, A., ,T. PartisiioL, 1943, 29, 275. 


The 81st subculture of this strain of Tr. 
crtizi was inoculated to 8 mice (Mtis mus- 
ctdtis). The blood of these animals was ex- 
amined microscopically at various intervals 
following inoculation, devoting about S min- 
utes to each preparation. Xenodiagnosis 
(which consists of feeding normal Triatoma 
on the animals and subsequentljr examining 
the insect for infection with flagellates), was 
used on 2 mice. .4t varying times after in- 
oculation, the mice were sacrificed and the 
blood was inoculated to N.N. medium. The 
tubes were covered with rubber caps, in- 
cubated at 25°C and examined after about 

3 weeks for motile flagellates. 

Results. The trypanosomes were demon- 
strated by direct microscopic examination in 

4 out of 8 mice from 27 to 48 days after 
inoculation. 

One of the xenodiagnostic tests was posi- 
tive 50 days after injection, while the other 
was found negative 46 days following inocu- 
lation. 

The mice were killed from 34 to 53 days 
after inoculation, and the blood of all 8 
animals gave positive' cultures for flagellates. 

Summary. A strain of Trypanosoma crtizi 
cultured from e.\'perimentally-infected guinea 
pig on N.N. medium was subcultured at 
various intervals on N.N. medium for 13 
years without animal passage. At the end 
of this period the strain was found to be still 
capable of producing infection in experi- 
mental animals. 

The presence of Tr. crtizi 4Yas microscopic- 
ally demonstrated in the circulating blood of 
50% of the inoculated animals. However, 
cultures made from the heart blood of all 
the animals on N.N. medium were positive 
for Tr. crtizi. • 



P.P.L.O. IN II. Itijlucnzac 


J6S 

without penicillin. 

The culture so obtained differs from the 
parent organism in the following character- 
istics: (1) The organisms in young cultures 
are much smaller. They do not have a 
sharp contour like usual bacilli and they are 
very soft. The slightest injury deforms or 
destro\’s them. (2) The colonies do not grow 
on the surface of tlie agar but e.vtend below 
the surface. The well-developed colonies as 
visible in Fig. 1 have the appearance typical 
of the pleuropneumonia group. (3) In older 
colonies the organisms swell into round 
bodies. (4) The organisms do not show 
satellite growth and are very resistant to 
penicillin. In appearance, staining and 
physical properties these organisms are very 
similar to the Lj isolated from Strcpto- 
bacillus iiioitilifoniiis, to the corresponding 
organism isolated from bacteroides and to the 
whole pleuropneumonia group. 

Five strains of II. influenzae were studied 
by the technic described. The strain from 
which the P.P.L.O. were most easih- isolated 
was cultured from the sputum of a case of 
bronchiectasis treated with penicillin aerosol. 
The second strain, an II. influenzae Type B, 
from which large colonies of P.P.L.O. de- 
veloped but which could not be kept in con- 
tinuous cultivation was isolated from a blood 
stream infection. Immediately after isola- 
tion this culture was pleomorphic and pro- 
duced tiny P.P.L. colonies. This property 
had been lost by the time e.vperimcnts with 
penicillin were started. The other strains 
were not pleomorphic. Two, isolated from 
blood and from the conjunctiva respectively, 
produced a few fairl}' large P.P.L. colonies 


in the area of inhibition. The third strain, 
isolated from a sputum did not produce 
P.P.L. colonies. The strains with the ex- 
ception of the second Avere studied immedi- 
ately after isolation. Most freshly isolated 
strains of II. influenzae apparently can be 
induced to produce P.P.L.O. by exposure to 
penicillin. There is considerable variability 
among the strains concerning the ease lAuth 
which P.P.L.O. are produced and witli which 
they can be kept in cultivation. A similar 
variabilitj’’ has been obsen'ed in the viability 
of P.P.L.O. isolated from different bacteroides 
strains.- Use of the same technic has thus 
far not been effective in isolating P.P.L.O. 
from gonococci, E. coU and several strains of 
streptococci. 

The role of penicillin in the groAvth of 
I’.P.L.O. is unknown. It is possible that it 
consists main!}' in the elimination of regular 
bacterial forms. The fact that sAA'elling of 
bacteria induced by penicillin is very similar 
to the swelling occurring in naturally pleo- 
morphic strains, may indicate that the effect 
of penicillin is more comple.x. The growth 
of P.P.L.O. does not seem to be a degenera- 
tive process because a viable organism, close- 
13 - similar to an important group of pathogens, 
is produced. 

Summary. lA^ith the aid of penicillin a 
strain of pleuropneumonia-like organism has 
been isolated from a culture of H. influenzae. 
This strain could be kept in continuous cul- 
tivation. Colonies of similar organisms were 
seen in 3 other cultures of H. influenzae, 
but their propagation in pure culture Avas not 
successful. 
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PUATE I, 

1. Piiotomicrogr;i]'Ii of mouse spleen containing polonium. lioinafnxTiin. am] rosin. X 5. 

2. Tenipor.arv contact liistoradiograpli prepared from (I). X ~>- 

3. Photomierograpli of mouse kidiiev eont.aining polonium. 

4. Temporary contact liistoracViograpli prepared from (3). 

5 and C. Dark field t-iews of alpha particle tr.acks from an are:i of low and medium polonium 
content (salivary gland). X -100. 

7. Photomicrograph of permanent tissue-photographic emulsion preparation of mouse kidney 
containing polonium showing renal cortex -with extremely dense area.s of alpha particle tracks 
beneath distal oonvoluated tubules. X500. 

justment knob of the micTOScope, one can Macro images for low power photomicrog- 
trace each alpha particle track from its end raphj- are best prepared by one of two technics 
to its beginning and thus to the precise point- in which the tissue is not mounted on the emul- 
in the tissue from which it originated. It is sion permanently. The tissue ribbon may 
thus possible to determine whether the par- be mounted on a glass slide, deparaffinized 

ent atom was located in cytoplasm or nucleus in xj'lene, coated with celloidin, and placed 

of a given cell. The cellular distribution of in contact n-ith the photographic emulsion, 

radioelements which decay solely -si-ith emis- .■\t the end of the e.vposure the glass 

sion of beta or gamma radiations probably slide and the photographic plate are 

cannot bs studied by such methods. separated, the plate being developed and the 
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Microscopic Historadiographic Technic for Locating and Quantitating 
Radioactive Elements in Tissues. 

K. iM. Endicott and Htcr.man Yagoda. (Introduced by F. S. Daft.) 

From the Lohornlon, ami ihr huhiMrial Ihigicnr llrncarol, Lnhorntnr;/, Kaiioml 

Iuxlitiilr of Health, Hrlhcxrln, Mil. 


. .Accurate quantitative micro.scupic stiidie.s 
of tissue and cellular distribution of radio- 
active elements which decay with emission of 
alpha particles may be made quite easily by 
the technics to be described. The essential 
points in the technic arc ( 1 ) the use of fine- 
grained silver-bromide emulsions with selec- 
tive response to alpha radiation.’-- (2) the 
mounting of tissue sections permanentlj- on 
the emulsion at the beginning of the e.vposure, 
(3) e.xamination of such [ireparations at 400 
diameters in dark-field illumination for de- 
termination of number of alpha particle 
tracks per unit area of emulsion, and (4) e.v- 
amination of such preparations at 1000-2000 
diameters for determination of the precise 
cellular location of the radioelement by trac- 
ing straight tracks through the emulsion to 
their points of origin in the tissue. 

The following technics have been evoh'ed 
in the study of radium F (polonium) which 
deca}'s with emission of alpha particles and 
very low intensitj’ gamma rays. The jjolonium 
is administered in physiological saline buf- 
fered with NaHCO;i. Tissues are fixed in 
buffered neutral 4% aqueous HCHO for 4S 
hours. Bones are decalcified in 5% aqueous 
HCOOH. Tissue blocks are dehydrated in 
acetone, cleared in gasoline, embedded in 
paraffin in a vacuum oven and sectioned at 
5 /X. The ribbons are floated off cold water 
onto the photographic emulsion (Eastman 
alpha particle plate N'o. 329,489). All 
manipulations of the undeveloped photo- 
•xraphic plates are carried out in a room il- 
luminated by the appropriate safelight. The 
preparation is dried quickly in a current of 
air and is placed in a light-tight container 
for the remainder of the e.xposure period. 
At the end of the exposure period the paraffin 
is removed by placing the plate in xylene 


1 Yagodu, H., x(m. 

2yjignda, II.. x/»'. 


Mineralogist, 194G, 31, ST. 
Minrriiiogist, I94fi, 31, 4(>2. 


for 5 minutes and the plate is dried in a cur- 
rent of air. The plate is developed in D-19, 
hardened in SB-4, and fixed in F-5 (East- 
man Kodak formulae) at room temperature 
after which it is washed in filtered tap water, 
for 2 hours. The plate may be stained im- 
mediately or dried and stored for staining 
later. The plate is stained in freshly pre- 
pared Weigert’s acid-iron hematox 3 'lin for 2 
minutes, washed in tap water 5 minutes,- 
dchj-drated in 3 changes of acetone, cleared 
in 1:1 acetone-.xylene and in 3 changes of 
.xi’iene. .A drop of .xylene-clarite is placed 
on the tissue and the preparation is covered 
with a glass covershp. 

Crude quantitation of the relative distribu- 
tion of polonium in tissues maj’^ be obtained 
by microdensitometer anah-sis of the devel- 
oped emulsion. .A much more precise local 
anah'sis is obtained by counting the number 
of particle tracks per unit area of emulsion. 
The amount of polonium present is directly 
proportional to the number of tracks when 
the experimental conditions are constant. 
Determination of relative distribution is thus 
reduced to comparison of number of tracks. 
The actual content of polonium per unit of 
tissue can be calculated from decay constant, 
length of e.xposure, spatial relationship of 
emulsion and tissue, volume of tissue, etc., 
but this calculation is not ordinarily neces- 
sary'. 

In addition to the quantitative aspects, 
there is another feature of great interest to 
the biologist. This is at present limited to 
the alpha ray emitting elements. In prepara- 
tions in which the tissue is mounted perma- 
nently on the emulsion at the beginning of 
the e.xpDSure, one can locate the point of 
origin of the alpha particle with great pre- 
cision. This depends upon the extremely 
shallow depth of focus at high magnifica- 
tions (S00-2000X). By turning the fine ad- 
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Infection of Mice with Tubercle Bacilli Grown in Tween-Albumin 

Liquid Medium. 

Cynthia Pierce, Rene J. Dubos, and Gardner IMiddlebrook. 

From the Laboratories of the FocLefeltcr In&iiUitc for ileclicnl Jtcscarch, Xcw Tori- City. 


Tubercle bacilli, grooving diffusely in li- 
quid media containing a water dispersible 
ester of oleic acid (Tween 80), retain unal- 
tered many of their morphological and bi- 
ological properties!’- The present paper de- 
scribes the virulence of these cultures for mice 
of different genetic backgrounds inoculated 
under various experimental conditions. The 
cultures used in the infection tests to be re- 
ported were grown for 7-10 days in a medium 
containing 0.05% Tween 80 and 0.2% 
bovine albumin (serum Fraction V).- hlacro- 
scopically, these cultures appear homogene- 
ous, but in reality consist of microscopical 
clumps. Their density corresponds to ap- 
proximately 0.20 mg/cc in terms of dry 
weight of bacilli. 

Mice, 3 to 6 weeks old, of the Rockefeller 
Institute strain inoculated intravenously with 
0.01 cc of whole culture begin to lose weight 
during the second week after infection and 
die in 3 to 4 weeks with a disease primarily 
pulmonary. The pulmonary lesions consist 
of discrete and confluent nodules varying in 
size, pearly gray in color and firm in con- 
sistency. Stained microscopic sections show 
innumerable tubercle bacilli in these areas. 
Heart muscle is often infiltrated with very 
many small lesions. When the inoculum is 
reduced 10-fold to 0.001 cc, only an occa- 
sional animal dies after the 4th week of in- 
fection, although all animals sacrificed at this 
time show pulmonary lesions. 

Much larger amounts of culture (0.5- 
1.0 cc) are required to produce death witliin 
3 to 4 weeks when the infective dose is in- 
troduced by the intraperitoneal route. This 
minimal lethal dose can be reduced apprecia- 

I DuUos, It. J., and Davis, B. D.. J. Fj-p. Med., 
194G, 8.1, 409. 

- Dubos, R. .T., Davis, B. D., Middlebrook, G., 
and Pierce, C., -Im. Iter. Ticficrc.. 194C, 54, 204. 


bly 'by adding fresh egg yolk to the bacterial 
.suspension. 

Fresh egg yolk is diluted rvith an equal 
part of 0.85% saline. One volume of cul- 
ture is emulsified with one volume of the 
diluted egg yolk suspension immediately prior 
to infection. The data presented in Table I 
illustrate the enhancement of infection by 
the addition of fresh egg yolk to the culture. 

The infection tests just described were car- 
ried out with the classical H37Rv culture 
obtained through the courtesy of Mr. 'William 
Steenken of the Trudeau laboratory. Similar 
results have been obtained with other human 
and bovine cultures of tubercle bacilli re- 
cently isolated from pathological materials. 
On the other hand, saprophytic acid-fast 
bacilli and variants derived from pathogenic 
strains' but known to be devoid of patho- 
genicity for guinea pigs and chick embryos, 
fail to establish a progressive disease in mice 
even when injected in large amounts. Table 
11 illustrates the results of inoculating mice 
(Rockefeller Institute strain) by the intra- 
venous route wdth 2 different variants of the 
H37 culture of human tubercle bacilli, H37 
(virulent) and H37Ra (avirulent). Even 
with the addition of egg yolk, 0.2 cc of H37Ra 
culture fails to establish a progressive in- 
fection or to produce grossly visible lesions. 

Fifteen different strains of mice have been 
compared for susceptibility to tuberculous in- 
fection by the intravenous and intraperitoneal 
routes. The progress of the disease was de- 
termined by weight changes of the animals 
at weekly interx^als, length of sun,dval, num- 
be. and extent of macroscopic pulmonaqv le- 
sions, and enlargement of the spleen. What- 
ever the mode of infection, and whatever the 
criteria used for evaluating the severity of 
the disease, the differences obseu'ed are con- 
sistent and permit the recognition of marked 
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Pt>ATE II. 

1 Selicmatic drawiiif: of pciniancnt ^ ""'JipXing'^pUotogr^^ emulsion 

ana cosm stain. X 1000- remains after the sections are 

tissue slide being stained by any one , nlaced in contact with the photo- 

Sdi^wracl-^ W Sotpt^Tre 

IbSd "irThe“plane-sSfSd '^rSin Ihe stained section last cut from the block. 
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TABLE I. 

Analyses of the Elect ronhoretie Patterns of ’Serum and Pleural Effusion After Lethal Doses 

of ANTE. 


Hr after 


% area 



MgN% 







ai aa + as 

Pi + P 2 


ingestion 

Albumin -f- 

ai M + aa P 1 + P 2 y Albumin + 

7 

1 


75 

mg/kg .\NTTJ in gelatin capsule by mouth. 





Dog 1: Wt— 27.3 kg. 








Serum. 





Control 

51 

14 

35 

492 

135 

338 


4 

49 

17 

34 

480 

106 

333 


6 

48 

16 

36 

446 

149 

335 


10 

48 

21 

32 

385 

168 

257 


12 

45 

24 

32 

373 

199 

205 


13>/, 

47 

18 

35 

307 

118 

229 


15 

43 

22 

34 

279 

143 

221 





Pleural Effusion. 





15 

54 

12 

34 

388 

86 

244 




Dog 2: IVt— -20.G kg. 








Serum. 





Control 

47 

16 

30 5 

540 

184 

345 

58 

7 

4G 

12 

34 C 

520 

130 

384 

08 

14 

45 

13 

35 6 

470 

138 

371 

04 

15 

4G 

15 

33 C 

527 

172 

378 

09 

IG 

47 

13 

34 7 

446 

124 

323 

67 

17 

52 

10 

31 7 

505 

97 

300 

08 




Pleural Effusion. 





15 

4G 

12 

36 5 

324 

So 

254 

35 

10 

47 

15 

38 

329 

105 

206 


17 

53 

10 

37 

300 

69 

255 





Dog 3: Wt— 20 kg. 






700 mg .A.XTE intravenously injected in a G^t 

acacia-saline mixture. 


Hr after iniection 


Scrum. 





0 

40 

19 

33 8 

440 

209 

363 

88 

G 

40 

18 

33 0 

388 

175 

320 

87 

7 

41 

18 

35 6 

400 

170 

341 

58 

7*/2 

37 

23 

31 9 

390 

240 

332 

96 



Pleural Effusion. 





G 

49 

13 

38 

318 

83 

247 


7V» 

49 

10 

34 7 

300 

74 

250 

52 




Dog 4: Wt — 15.9 kg. 







500 mg ANTU injected intravenously. 







Scrum. 





0 

47 

14 

32 7 

545 

102 

371 

81 

7 

39 

19 

33 9 

392 

177 

307 

84 




Pleural Effusion. 





7 

53 

12 

28 7 

379 

SO 

200 

50 


Richter also observed that if a rat ingests 
a sublethal dose of ANTU, its tolerance for 
larger amounts develops rapidly and persists 
for a comparatively long period. The thio- 
urea portion of the ANTU molecule proba- 
bly affects the thiToid metabolism of these 
animals. A number of investigators have 
found that thiourea and its derivatives de- 
press the functional activity of the thyroid 
gland by interfering vrith the sjmthesLs of 
thj'roxine and diiodotjTOsine.--® In man, 

e AstTTOoil, E. B., J. Am. Med. Assn., 1943, 122, 
78. 

3 Chen, K. K., Ann. J}ei\ Phjisioh, 1945, T, G77. 


thiourea administration causes a rise of blood 
cholesterol which ma}^ be expected in hy- 
pothyroidism. IMoore, Levin, and Smelser'^ 
showed than an a-globulin component of rat 
sera increases after thyroidectomy or after 
thiouracil feeding. 

This report deals with (a) the protein and 
cholesterol concentrations of the serum and 
pleural effusion in dogs dying after oral or 
intravenous administration of ANTU; and 

■» Jennings, L. M., itawson, C. A., and Tindall, 
W. J., Lancet, 1944, 2, 91. 

5 Moore, D. H., Lerin, L., and Smelser, G. K., 
J. Biol, c/iem., 1945, 157, 723. 



174 


Effect of ANTU on Dogs 


TABLE I. 

Kfl’cct of Egg Yolk upon Infection of iMice witli Tubercle Bacilli (1137) via Intraperitoiieril 
Boute. 


Culture 1137 

Egg yolk 
suapenaioii 

\Vt. .at weekly iiitervnls after infection 

Initint 1 wk 2 wk 3 wk 

Xo. (Ic.id/ 
Total inoculated 

ce 

cc 

K 

f? 

S 

e 


0.25 

0 

20.0 

20.2 

22.0 

24.2 

0/G 

0.25 

0.25 

20.5 

20.7 

38.0 

Dead 

6/G 

1 


TABLE ir. 

Comparison of 1137 (Virulent) and IJ37Jfci (Avirnlenf) Strains Inocniated A^ia Intravenous 

Boute. •' 


AVI at weekly intervals after inoculation 
Egg yolk ^ , 


Culture 


suspension 

Initial 

Iwk 

2\vk 

3 wk 

4 wk 


CK 

ee 

ft 

V 

s 


g 

n37 

0.01 

0 

18.3 

21.3 

22.2 

30.7 

10.2 

II37Ba 

0.2 

0 

18.3 

21.6 

24.2 

25.9 

26.7 

lI37Ba 

0.2 

0.1 

18.3 

20.!> 

hi 

24.0 

25.3 


Xo. dead/ 
Total inoculated 


o/O 

0/G 

0/0 


differences in susceptibility among the dif- 
ferent strains of mice. In general, albino 
mice derived from the so-called Swiss strain 
are somewhat more resistant than the Avhite 
mice of the Rockefeller Institute strain. On 
the contrary, a number of other strains such 
as C57 black, dba, and tvild mice ('il/ws w/w- 
riiiis domesliciis ) are markedly more suscepti- 
ble. The C.aH strain is intermediate between 
the latter group and the Rockefeller Institute 
strain. 

.Albino Swiss mice die within 3 weeks fol- 


lowing intravenous injection of O.OS cc of 
H37 culture; they survive and exhibit only 
limited pulmonary lesions Avhen infected AA'ith 
smaller doses. On the other hand, 0.003 cc of 
culture is sufficient to cause death of dba 
mice within 3 Aveeks; moreover, animals of 
this strain, sacrificed 4-5 weeks after intra- 
venous injection of 0.00003 (correspond- 
ing to 0.000005 mg dry weight becilli), show 
e.xtensive pulmonary lesions often involving 
whole lobes. 


15738 

Alpha Naphthylthiourea (ANTU) in Dogs; Electrophoretic and Cholesterol 
Studies on I31ood Plasma and Pleural Effusion.* 

Alfred Chanutin, E. C. Gjessing, and Stephan Ludeavig. (Introduced by C. P. 

Richter.) 

From the Biochemifal LaGnralory, University of Virginia, Charlottesville. 


Richter^ recently described a new rat 
poison, alpha naphthylthiourea (ANTU), 
which exerts its toxic effect within a few 
hours by increasing the permeability of t^ 


Medical Division of tbe Cl.emienl AVavfuve SerWee. 
1 Kicbtcr, C. P., J. rlnr. Med- Assn., 19ia, 1-0, 


pulmonary and pleural capillaries. In the 
dog and rat, the pulmonary edema and pleural 
effusion cause death. An analysis of the 
electrophoretic patterns of the serum and ef- 
fusion fluid in animals poisoned with ANTU 
provides an approach to the problem of dif- 
fusion of proteins across damaged capillary 
walls. 
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TABLE II. 

Electrophoretic Aualyses of Sera of Dogs 5 and G After Jlultiple Oral Doses of AXTU. 
Grams Protein in 100 ml Scrum. 


Dog No. 

Erperinicntal 

d,oy 

ANTE 

uig/kg 

% distribution 

Mg N in 100 ml serum 

Alb. 

21 + 22 

p + y 

.41b. 

ai "h 02 

P + y 

5 

1 

10 

51 

14 

35 

4G5 

130 

326 


3 

10 








4 


47 

IS 

35 

454 

174 

331 


6 

15 








S 

25 

46 

IS 

36 

457 

172 

352 


10 

40 

46 

21 

33 

444 

206 

321 


13 

GO 

42 

OO 

36 

411 

219 

358 


15 

75 

40 

24 

36 

3S7 

235 

355 


17 

75 

42 

23 

35 

400 

214 

337 


20 

150 

39 

OO 

39 

390 

224 

392 


oo 


4S 

22 

30 

515 

232 

323 


27 


46 

oo 

32 

470 

230 

331 


31 


44 

21 

35 

403 

198 

318 

G 

1 

10 

5G 

16 

28 

3S5 

110 

195 


3 

10 








4 


49 

25 

26 

3S5 

19S 

201 


6 

15 








S 

25 

4S 

20 

32 

395 

164 

257 


10 

40 

47 

21 

32 

3S0 

168 

257 


13 

60 

49 

20 

31 

406 

161 

254 


15 

75 

45 

21 

34 

374 

174 

278 


17 

75 

47 

21 

32 

376 

172 

249 


20 

150 

48 

19 

32 

416 

164 

270 


24 


49 

20 

31 

388 

155 

240 


27 


50 

24 

26 

427 

208 

217 


41 


50 

21 

29 

424 

180 

249 


fluid obtained 15 hours after oral adminis- 
tration. The percentage composition of the 
serum proteins remained constant through- 
out the experiment, but the protein concen- 
trations decreased. -Appreciable decreases in 
the milligrams percent of nitrogen occurred 
in all groups e.xcept the y globulin. 

The percentage distribution of the protein 
groups was almost identical for the serum 
and effusion fluid at the respective periods. 
The total- nitrogen concentration of the ef- 
fusion was less than that of the serum, and 
therefore the content of the various protein 
groups -was propKjrtionateh’- smaller. 

Dog 3. (Table I). .ANTU was injected in- 
travenously and the chest was tapped hour- 
h'. The first effusion fluid was obtained 6 
hours after injection at which time blood 
was also drawn. The dog showed signs of 
distress shortly afterwards and died 7^4 
hours after injection. Respiration ceased be- 
fore the animal could be exsanguinated. 
Blood was drawn from the heart and approx- 


imately 200 ml of effusion fluid were ob- 
tained. 

The changes in the concentration of the 
serum fractions were not pronounced. The 
percentage of the albumin fraction in the 
pleural effusion was greater than in the serum 
and the milligram percentage of nitrogen was 
slightlj'- lower. The nitrogen concentrations 
of the globulin groups were much lower than 
those of the serum. 

Dog 4. (Table I). This animal was 
exsanguinated 7 hours after intravenous in- 
jection of .ANTU. The serum albumin con- 
centration was decreased markedly at death 
and the globulin groups were only slightly 
affected. The albumin nitrogen concentra- 
tion of the effusion fluid was about the same 
and the concentrations for the globulins were 
less than those of the serum. 

Chronic Poisoning. Two dogs, fed increas- 
ingly larger amounts of ANTU in a gelatin 
capsule, developed a tolerance for doses or- 
dinarily lethal to control animals. The perti- 
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fiFTER 75 WG/KG OF ANTU BY WOOTH 
Pig. 1. 

Electrophoretic pnttcriis for the serum ami pleural effusion of Doe 1 after the administra- 
tion of AKTXT. 


(b) the protein and cholesterol concentra- 
tions of the serum of dogs which had devel- 
oped a tolerance to large amounts of this 
drug. 

Methods. Electrophoretic analyses were 
done in the Tiselius apparatus, using the 
scanning method of Longsworth" and single 
section cell of 11.0 nil capacity. The serum 
was diluted 1.5 times with barbiturate buf- 
fer, ionic strength 0.1, at pH 8.6. Electro- 
phoresis proceeded for 120 minutes at IS m. 
amp. and 200 volts, with a potential gradient 
of 6.0 volt per cm at 2.0'’C, 

Cholesterol was determined on plasma bj’ 
the Schoenheimer-Sperry procedure' with the 
aid of an Evelyn photoelectric colorimeter 
with filter No. 660; known amounts of re- 
crj'stallized cholesterol were used for calibra- 
tion. The micro-Kjeldahl method was used 
for total and nonprotein nitrogen. 

Results. Protein Distribution. The elec- 
trophoretic analyses of 4 dogs given ANTU 
orally and intravenously are presented in 
Table I. Owing to the indistinct nature of 
the electrophoretic patterns of these sera, the 
proteins are grouped as (1) albumin and ai, 
(2) a-j + 03, (3) pi + Pi, and (4) y 
globulins, or a combination of (3) and (4). 
In group (1), G£i globulin represents a small 
proportion of the protein. The data are ex- 
pressed as percent of total protein and as 
milligrams percent of nitrogen. 

Acute Poisoning. Satisfactory sampling of 
blood was attained in 2 of 6 dogs which were 

® Lougswortli, Ij. G., 't. Ain. Chem. Soc.j 1039, 
01 529 . 

7 Scl'ionheiiner, K., ami Sperry, W. JI., J. Biol. 
Clicni., 1934, 106, 745. 


given ANTU in gelatin capsules by mouth, 
and 2 of 4 dogs intravenously injected with 
.■\NTU.'’ In all animals the pulmonary 
edema was very marked and responsible for 
their death. \'arying amounts of blood- 
tinged pleural effusion were seen in 9 of the 
10 dogs. Usualh' some respiratory distress 
was e.'chibited several hours before death, 
and great difficulty during the last hour. It 
was impossible to obtain sufficient serum 
(10-15 ml) from 6 dogs despite the fact that 
100 to 200 ml of blood were obtained when 
the animal was sacrificed by e.vsanguination. 
The blood, of tarry consistency when fresh- 
ly drawn, was allowed to stand for several 
hours and was then centrifuged at high speeds. 
The clot was not firm and did not retract 
over a period of at least 5 hours. Standing 
for longer periods jdelded a serum which was 
markedly hemolyzed. 

The essential details concerning the 4 sat- 
isfactory e.xperiniental animals are discussed. 

Dog 1. (Table 1). Blood was drawn at 
intervals and the dog sacrificed IS hours af- 
ter oral administration of ANTU. The serum 
albumin concentration decreased markedly 
and the nitrogen concentration of the Pi -j- 
P 2 -f- 7 globulin group was also lowered. 

In the effusion fluid, the albumin concen- 
tration was greater than that of the serum at 
the time of death; the az -j- as group was 
smaller. The electrophoretic patterns of ser- 
um and pleural effusion - (Fig. 1) show a 
striking similarity. 

Dog 2. (Table I). The chest was tapped 
at intervals and the first sample of effusion 

s Oriiikcr, C. K., Puhnonary E6cma and Infldm- 
matioii, University Press, 1945, 39-43. 
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TABI/E II. 

Electrophoretic Aualrses of Ser.i of Dogs o and (5 After Ilultiple Oral Doses of AXTD. 
Grams Protein in 100 nil Serum. 


Espcrinientat AXTD 
DogA'o. day mgAg 

% distribntiou 

llg in 100 ml serum 

Alb. 

ai -(- ae 

^ + 7 

.lib. 

21 + 22 


5 1 

10 

51 

14 

35 

465 

130 

326 

3 

10 







4 


47 

IS 

35 

454 

174 

331 

G 

15 







S 

25 

46 

IS 

36 

457 

172 

352 

10 

40 

46 

21 

33 

444 

206 

321 

13 

60 

42 


36 

411 

219 

358 

15 

75 

40 

24 

36 

387 

235 

355 

17 

75 

42 

23 

35 ■ 

400 

214 

337 

20 

150 

39 

2- 

39 

390 

224 

392 

oo 


48 

OO 

30 

515 

232 

323 

27 


46 

on 

32 

470 

230 

331 

31 


44 

21 

35 

403 

198 

318 

6 1 

10 

56 

16 

28 

385 

110 

195 

3 

10 







4 


49 

25 

Cl 

385 

198 

201 

6 

15 







8 

25 

48 

20 

32 

395 

164 

237 

10 

40 

47 

21 

32 

380 

168 

257 

13 

60 

49 

20 

31 

406 

161 

254 

15 

/O 

45 

21 

34 

374 

174 

278 

17 

75 

47 

21 

32 

376 

172 

249 

20 

150 

48 

19 

32 

416 

164 

270 

24 


49 

20 

31 

388 

155 

240 

27 


50 

24 

26 

427 

208 

217 

41 


50 

21 

29 

424 

ISO 

249 


fluid obtained 15 hours after oral adminis- 
tration. The percentage composition of the 
serum proteins remained constant through- 
out the e.\periment, but the protein concen- 
trations decreased. Appreciable decreases in 
the milligrams percent of nitrogen occurred 
in all groups except the y globulin. 

The percentage distribution of the protein 
groups was almost identical for the serum 
and effusion fluid at the respective periods. 
The total- nitrogen concentration of the ef- 
fusion was less than that of the serum, and 
therefore the content of the various protein 
groups was proportionately smaller. 

Dog 3. (Table I). .-^NTU was injected in- 
travenoush" and the chest was tapped hour- 
ly. The first effusion fluid was obtained 6 
hours after injection at which time blood 
was also drawn. The dog showed signs of 
distress shortly afterwards and died 7j4 
hours after injection. Respiration ceased be- 
fore the animal could be exsanguinated. 
Blood was drauTi from the heart and appro.x- 


imately 200 ml of effusion fluid were ob- 
tained. 

The changes in the concentration of the 
serum fractions were not pronounced. The 
percentage of the albumin fraction in the 
pleural effusion was greater than in the serum 
and the milligram percentage of nitrogen was 
slightly lower. The nitrogen concentrations 
of the globulin groups were much lower than 
those of the serum. 

Dog 4. (Table I). This animal was 
exsanguinated 7 hours after intravenous in- 
jection of .-VXTD. The serum albumin con- 
centration was decreased markedly at death 
and the globulin groups were only slightly 
affected. The albumin nitrogen concentra- 
tion of the effusion fluid was about the same 
and the concentrations for the globulins were 
less than those of the serum. 

Chronic Poisoning. Two dogs, fed increas- 
ingly larger amounts of .-^XTU in a gelatin 
capsule, developed a tolerance for doses or- 
dinarily lethal to control animals. The perti- 
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TAULB III. 

l’lasii)!i and Plonral Effusion Cliolesterol. 
l)og givrii 75 ing/kg of AKTU by inoiitli. 

Total clioloatcrol, 

Hr after AXTU mg % 

Plasma. 


Ooiitrol 

95 

4 

97 

0 

107 

in 

91 

12 

87 

13Vj 

79 

15 

Pleural Effiisinii. 

72 

15 

07 


nent data for drug administration and for 
protein distribution in the serum are shown 
in Table If. There is no typical change in 
the protein distribution, except a moderate 
increase in a globulin concentration which 
can be correlated with the development of 
tolerance for ANTU. 

Plasma Cholesterol. The data for the 
plasma and effusion cholesterol concentra- 
tions after acute poisoning (Table III) in- 
dicate a definite decrease in the plasma a few 
hours before death. The cholesterol con- 
centrations of the plasma and pleural effusion 
were the same. 

Chronic poisoning in 2 dogs was accom- 
panied by a marked increase in plasma 
cholesterol concentration which probably re- 
flected the “chemical thyroidectomy” caused 
b}' ANTU (Table IV). An immediate in- 


KfToct 

TAHEE IV. 

of Clironie, ANTU Feeding on 
Cliole.sterol of Hogs. 

I'laaiiia 

Uav of 

ANTU administered 

Plasmfi cholesterol 
mg */€ 

^ — — 1 

exper. 

mg/kg 

Dog 5 

DogC 

1 

3 

10 

10 

95 

118 

4 

G 

15 

153 

155 

8 

10 

25 

ICC 

176 

40 

194 

1.95 

13 

GO 

235 

191 

15 • 

75 

255 

215 


287 

228 


150 

254 

235 


215 

235 

-- 


21G 

178 

24 


150 

127 

27 


135 

111 

31 

41 


98 

87 

i 


crease in cholesterol was seen after the first 
small doses. The values continued to in- 
crease while the ANTU was administered. 
After its discontinuance, the plasma choles- 
terol concentration decreased rapidly. 

Discussion. In .\NTU poisoning, the de- 
crease in the concentration of the protein 
fractions, particularly in albumin, is appar- 
ently a result of the loss of plasma into the 
lungs and effusion. In the 2 experiments in 
which the proteins of the pleural effusion 
were measured before and at death, the al- 
bumin concentration increased with time; 
the data for the globulins are insufficient for 
drawing any conclusion. 

Results of a study of plasma and effusion 
proteins in a varietj' of diseases by Luetscher® 
indicate that the “albumin is present in the 
same or higher proportion in the effusion, 
as compared with plasma.” Cohn*® believes 
that the factor determining diffusion of a 
protein across a permeable membrane “should 
be an inverse function of the length of its 
molecule.” This idea is borne out by the 
data presented by Luetscher,® and by the 
present experiments. 

The effect of ANTU on cholesterol metabol- 
ism is striking. The increases noted in chronic 
experiments are probably associated with the 
thiourea portion of the molecule and its ac- 
tion on the thyroid. Direct observations on 
the thyroids were not made. 

Summary and Conclusion. Oral and in- 
travenous administration of lethal doses of 
alpha naphthylthiourea (ANTU) to 4 dogs 
caused death by affecting the permeability 
of pulmonary and pleural capillaries, which 
resulted in marked pulmonary edema and 
pleural effusion. Electrophoretic and nitro- 
gen determinations of the sera showed con- 
sistent decreases in the concentration of al- 
bumin several hours before death. The pro- 
teins of the pleural effusion showed a higher 
albumin ; globulin ratio than those of the 
serum. The total plasma cholesterol concen- 
tration decreased shortly before death and 

oLnetsclicr, J. A., Jr., J. Clin. Invest., lUl, 
20 , 99 . 

10 Cohn, E. J., Proc. Am. Philosoph. Soc., 1944, 
88, 159. 
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was approximately the same in the effusion. 

Dogs fed increasingly greater amounts of 
.A-NTU during frequent inter\’als develop a 
tolerance for large doses of the drug. An 
increase in the serum a globulin concentration 


appeared to be a characteristic finding in the 
development of the tolerance. The plasma 
cholesterol concentration increased markedly 
during drug administration and diminished 
when it w’as discontinued. 
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Folic Acid (Pteroylglutamic Acid)* Studies: Hematologic Remissions in 

Pernicious Anemia. 

Roy R. ELracke and William H. Riser. Jr. 

Front I/iC Departments of Ctinical Pathotogy anel Ivteriml 3Iedicine (EematoJogi/ Clinic}, The 
Medical College of Jtninnm.t Birmingham. 


Since the Lactobacillus casci factor (folic 
acid) was synthesized in 1945 by Angier and 
others,^ many clinical investigators have 
clearly demonstrated its effectiveness in the 
treatment of .Addisonian pernicious anemia, 
the anemia of sprue, nutritional macrocytic 
anemias and the macrocytic anemias of preg- 
nancy. It has likewise been shown that folic 
acid is quite effective in producing a com- 
plete hematologic remission in certain severe 
macrocytic hj-perchromic anemias of infants 
which are characterized by poor nutrition, a 
transient histamine fast achlorhydria and a 
marked megaloblastic hjperplasia of the bone 
marrow. The treatment of certain human 
macrocytic anemias ivith folic acid (pteroyl- 
glutamic acid) has been reported by Darby, 
Jones and Johnson,- Spies and co-workers,® 

* Tbp syntbetip folic acid (Folvite) used in tliis 
rlinieal investigation was kindly supplied by 
Stanton M. Hardy. JI.D., Medical Director, 
Lederie Laboratories, American Cj-anamid Com- 
pany, Pearl River, X.Y. 

t The authors wisli to express tbeir gratitude to 
Miss Helen May Holt for her technical assistance 
in this investigation, 

1 Angier, R. B., and others. Science, 1045, 102, 
227 . 

- Darby, XV. J., Jones, E., and Johnson, H. C., 
J. A. .1/. J., 1940, 1.20, 780. 

Spies, T. D., Viltcr, C. F., Koch, M. B., and 
Caldwell, M. H,, South. 31. J.. 1945, .28, 707. 

< Moore, C. V., Bierbaum, 0. S., IVelch, A. D.. 
and Wright, L. D., .7, Lah. and Clin. Med., 1945, 
.20, 1050. 


Moore and co-workers, ■* Goldsmith,® Doan. 
Wilson and Wright,® Zuelzer' and others. 
These extensive studies have been made pos- 
sible by the chemical identification and syn- 
thetic preparation of folic acid (pteroyl- 
glutamic acid) in sufficient amounts to per- 
mit extensive clinical investigation in several 
fields. Within the past 12 months we have 
used synthetic folic acid in treating a great 
number of different blood dyscrasias. The 
full report of our investigations will be pub- 
lished in a later communication. 

This report deals ivith the effectiveness of 
folic acid in the treatment of 4 untreated 
cases of classical .Addisonian pernicious ane- 
mia in severe relapse. All of the patients 
in this group were hospitalized for thorough 
study and control observations prior to the 
institution of folic acid therapy. In addition 
to the usual laboratory procedures for clas- 
sifying and studying an anemia, sternal mar- 
row aspirations, complete X-ray and fluoro- 
scopic studies of the gastrointestinal tract and 
gastric anabases were done on eacli patient. 
Xone of these patients exhibited involvement 
of the central nervous system. A tjqiical 
hematologic remission is graphically illustrat- 
ed by the erythrocyte, hemoglobin and 
reticulocyte response indicated in Chart 1. 

Goitlsmith, G. A., .7. Lah. and Clin. Med., 1946. 
.21, 1186. 

6Do:in, C. .4., Wilson, H. E., Jr., and Wright. 
C. S., Ohio State M. .7., 1946, 42, 139. 

rZneizer, W. W., J. A. .17. A.. 1946, ISl. 7. 
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CHART I 



TIME IN DAYS 

Similar responses were obtained in 3 other in pernicious anemia patients receiving ade- 
cases. quate liver extract therapy. In the folic acid- 

Casc Mr. R. J. The initial er 3 Throcyfe ’ treated group it appears that maximum 

count was 770,000 cu mm and hemoglobin reticulocytosis is greatest in those cases with 

was 3 g. This patient was given 20 mg of erythroc^'te levels below one million. Our 

folic acid (pteroylglutamic acid) daily by group of patients has been maintained on 

mouth, and the hematologic response was 10 mg of folic acid daily by mouth, 

prompt. At the present time this patient is It is clearly evident that folic acid 
in a state of complete hematologic remission (pteroylglutamic acid) will produce a sat- 
(7 months later). Jsfactory hematologic remission in cases of 

Discttssion. Subjective and objective din- classical Addisonian pernicious anemia, and 
ical improvement appeared to coincide with it appears that these patients can be main- 
the time of maximum reticuloc^'^tosis. In all tained in remission on a daily oral dose of 
of these cases clinical improvement was rapid about 10 mg. None of our patients on this 
and equally as good as is ordinarily observed therapy have had or developed central 
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nervous system disease, so that complete 
evaluation oi iolic acid in that respect can- 
not be made at this time. However, Doan 
and hloore® independent!}" ha%"e recently re- 
ported the development and progression of 
central nervous system disease in pernicious 
anemia patients while receiving folic acid 
therap}". Folic acid appears to be equally 
as effective as liver extract therapy in the 
treatment of uncomplicated cases of Addi- 
sonian pernicious anemia. While folic acid 
is effective in producing a favorable hema- 

spoau, C. A., .and Moore, G, Y., personal com- 
munication to E. E. K. 


tologic remission in cases of pernicious ane- 
mia, it is certain that liver e.vtracts contain 
active material other than this compound, 
since the potency of such e.vtracts is greater 
than can be accounted for on the basis of 
their folic acid content. 

Concltisioit. 1. Folic acid (pteroylglutam- 
ic acid) is as effective as liver e.xtract in cor- 
recting the hematologic deficiency in Ad- 
disonian pernicious anemia. 2. Further ex- 
perience is needed before one can evaluate 
the effectiveness of this factor in preventing 
development and progression of central 
nervous system disease. 
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Effect of Frequency of Hypothalamic Stimulation upon Bladder Response. 

Borje Uvnas. (Introduced by H. W. hlagoun.) 

From the Departmentx of Aiiatomi/ ot\d PJiysioIoiry, Xorihtccstcrn University, Chicago, 111. 


Bladder contraction has been observ’ed by 
many investigators as the result of the stim- 
ulation of the hj-pothalamus (Karplus and 
Kreidl,* Hess- and others). From their ex- 
periments on cats Rabat, IMagoun and Ran- 
som and Jilagoun^ concluded that a center 
for the contraction of the bladder is localized 
in a region just rostral to the h}"pothalamus 
and that fibres from this region run caudal- 
ward through the lateral part of the hy- 
pothalamus. Relaxation of the bladder was 
onh" infrequently observed but points giving 
inhibitory responses were found in different 
regions of the diencephalon (Rabat ct al.^) 
Beattie and Rerr® claimed the existence of 
centers for the increase of bladder tonus in 
the anterior hiiiothalamus and for inhibition 

1 Karplus, J. T., and Krcid!, A., Arch, ges, 
Fhysiol, 15>0<>, 120, 138. 

- Hess, W. R., Arch, f, Psyehiair,, 1036. 104, 548. 

s Rabat, H., Magoiin, H. lY., and Ransoii, S. tV., 
J. Comp. Kcurol., 1036, C3, 211. 

■> Magoun, II. AY., Am. J. Physiol., 1038, 122, 
530. 

5 Beattie, .1., and Kerr, A. S., Brnin, 1036, 59, 
302. 


in the posterior hrpothalamus and upper mid- 
brain. 

The blood pressure and respiratory re- 
sponses to hj"pothalamic stimulation have 
been shown to be strongly influenced by the 
frequency of the stimulus (Hare and Geohe- 
gan,® Bronk, Pitts and Larrabeef Berry, Mc- 
Rinley and Hodes®). In the present experi- 
ments the effect of frequency of hj-pothalamic 
stimulation upon bladder response was ob- 
served. 

Methods. Twenty-four cats under intra- 
venous chloralose anesthesia (SO mg per kg 
bod\' weight) were used. The hypothalamus 
was stimulated by a bipolar electrode, made 
by cementing together 2 lengths of enameled 
nichrome wire, and oriented with the Horsley- 
Clarke technic. A thj’ratron stimulator 
(Rahm), delivering impulses within a fre- 
quency range of 3.5 to 1000 per second, was 

c H.irc, K., and Geoliegan, AY. A., ,T. Scuro- 
physiol., 1941, 4, 266. 

" Bronk, 0., Pitts, E. F., and H.nrrabec, G., lies. 
Pnhl. Xerv. Atmt. Pis., 1940, 20, 323. 

S Berry, C., AIcKinley, AY., and Hodcs, E., Am. 
,T. Physiol., 1942, 135, 33S. 



182 


Hvi'OTiMLAMUS AND ACTIVITY 


SlimfEm't'O 60 60 60 VO 

WLTAfrf. 3 3 V ^3 33 13333^33 




Tmf3()3f(>|jjj 




Pig. 1. 

.Mtcriilioiis ill IiiaddiT, eolim. li!oo<T pre.ssiiro, and rcspirafion on stimulation of a point in 
till' posterior part of tiic .supraoptic region. Frequency varied. 


employed. The pressure of the bladder was 
recorded b 3 r a rvater manometer connected 
to a cannula inserted into the bladder through 
the urethra. In about half the cases the 
brain was prepared for microscopical e-xam- 
ination. 

Results. Stimulation of numerous points 
in the hjpothalamus and the preoptic region 
yielded changes in the intravesical pressure 
and the peristaltic activity of the bladder. 
The effects could be either excitatory or in- 
hibitory, the response obtained being strong- 
ly influenced bj' the frequencj' of the stim- 
ulus used. It was an almost regular finding 
that high frequency stimuli (6D/sec. or more), 
if effective, yielded inhibitory and low fre- 
quency stimuli (3.S/sec.), if effective, e.x- 
citatory responses. The ranges of frequency 
usually giving inhibitory or excitaton' re- 
sponses are shown in Fig. 1 and 2. As seen, 
stimuli of a frequency from 15 to 240/sec. 
yielded a significant inhibition of the blad- 
der. The intravesical pressure as well as the 
peristaltic activity was depressed. The fre- 


quenej' range giving a pronounced fall of 
the intravesical pressure and a complete in- 
hibition of the peristalsis in this experiment 
Avas observed to be between 30 and 120/sec. 
At 15/sec. a small initial rise rvas observed 
to precede the fall of intravesical pressure 
and the pressure started to rise before the 
end of the stimulation. A similar tendency 
to “escape” was seen at the stimulation with 
240 impulses per second. Stimuli of higher 
frequency' were ineffective. The inhibition 
of the bladder caused by stimuli AA-ithin the 
most effective range usually outlasted the 
stimulation for a considerable time, some- 
times for as much as 1-2 minutes or more. 
LoAA'ering the frequency of the stimuli to 
3.5/sec. caused a reversal of the response. .A 
contraction occurred as seen at No. 9 and 10 
in Fig. 2. The contractions induced did not 
persist during the AA'hole period of stimula- 
tion, the pressure tending to decline to the 
initial le\'el after the peak of the contraction 
AA'as reached. The latent period for the e.x- 
citatorv as aa'cII as the inhibitorj^ responses 
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Fig, 

Alterations in bladder, blood pressure and 
siipraoptie region. Freqnener v.aricd. 

was short, responses being regularly seen to 
start in a few seconds after the be.ginning 
of the stimulus. Fig. 3 illustrates the fact 
that points yielding bladder contractions will 
be missed unless stimuli of low frequenej- are 
used. As obser\'ed by other investigators no 
correlation was observed between the bladder, 
blood pressure and respiratory responses. 

No definite conclusions can be drawn about 
the strict localization of the points concerned 
with bladder activity until a more complete 


rpspir.ation on stimulation of a point in the 

microscopical investigation is made. From 
the material at hand points giving bladder 
contractions were found in the preoptic re- 
gion as well as in different regions of the 
hj-pothalamus. Ulost of them however were 
concentrated in the anterior part of the hy- 
pothalamus and the posterior part of the 
preoptic region. Most of the excitatory' re- 
sponses could be reversed to inhibitory ones 
by increasing the frequency of the stimulus, 
Tn addition, numerous points were found 
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0.8 
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GO 
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scattered throughout the prcoptic region, hy- 
pothalamus and upper mid-brain from which 
only inhibition could be elicited. 

Discussion, The e.xperiments have shown 
that the bladder response to hypothalamic 
stimulation is strongly influenced by the fre- 
quency of the stimulus. High frequenej' 
stimuli usually give inhibitory, low frequency 
stimuli usually give excitatory bladder re- 
sponses. Most of the e.\citator\' responses 
could be reversed to inhibitory ones by in- 
creasing the frequency of the stimulus. 
W'^heLher the reversal effects are the result of 
the activation of different nervous structures 
or whether the same nervous elements are 
influenced in a different way by stimuli of 
different frequency or whether some other 
explanation is to be found, awaits further de- 
termination. 

In the study of Rabat ct al.T' Magoun' and 
Wang and Harrison® points giving inhibition 
of the bladder were only rarely seen, a fact 

' n Wang, S. C., and Ilarrisoii, F., Am. J. Physiol., 
133!), J2.5, 2. 


probably due to the absence of bladder ac- 
tivity in their animals under barbiturate an- 
esthesia. The inability to observ'e inhibition 
under these conditions together ivith the 
fi.xed frequency of the stimulus employed 
(Harvard inductorium), makes it apparent 
that these investigations did not give a com- 
plete picture of the localization of nervous 
structures concerned with bladder activity. 
It would seem necessary to reinvestigate this 
problem using stimuli of varydng character- 
istics. 

In their e.xperiments on chloralosed cats 
Beattie and Kerr' reported that points yield- 
ing inhibition of the bladder were only found 
in the posterior part of the hiTiothalamus and 
the upper mid-brain. The present results, 
showing points giving inhibitory bladder re- 
sponses scattered throughout the whole hy- 
pothalamic area, do not favor tlie view held 
by these authors that the hypothalamus can 
be divided in an anterior e.xcitatory and a 
posterior inhibitory part. 

Summary. The bladder response to hy- 
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pothalamic stimulation is strongly influenced 
by the frequency of the stimulus used. High 
frequency stimuli {60/sec. or more) usualh’ 
cause bladder relaxation, low frequency 
stimuli (3.5/sec.) usually bladder contrac- 
tion. A- reversal of the bladder response is 
frequently obtained by changing the fre- 


quencj' of the stimulus. 

Points yielding excitation and inhibition 
of the bladder are found scattered through- 
out the whole preoptic and hypothalamic 
area but points giving bladder contraction 
seem to be concentrated in the rostral parts 
of the diencephalon. 
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Mitotic Activitj' in Hypophysis of Pregnant Rat after Injections of 

Estrogen. 

Thomas E. Hunt. 

From the Department of ^Inatomp, Medical Collcflr of Aloha ma, Birmingham, Alahama. 


Division of cells by mitosis increases in the 
hjpophi’sis of young mature rats in the late 
estrous phase of the sexual cycle.^ That 
this is due to the increase in the level of 
estrogen is shown by the fact that mitoses 
can be increased by injections of estrogenic 
hormones.- Thus, 25 pg of estradiol ben- 
zoate (Progynon-B)* injected into 3-month- 
old ovariectomized rats 72 and 48 hours be- 
fore death will result in an average mitotic 
activity of 22.09 mitoses per square mm of 
section. During pregnancy, however, even 
though there is a continued production of 
estrogenic hormone, mitoses are rare in the 
hypophysis after the 3rd day.® Just what 
level of estrogen occurs during pregnancy is 
not known, and it seems possible that either 
the level is not sufficiently high to cause an 
increased mitotic activity or that there is 
some substance that inhibits the mitosis- 
stimulating effect of the estrogen that is pro- 
duced. 

In order to test this point, a group of 22 
pregnant animals approximately 3 months 
of age were injected with 25 jug of estradiol 
benzoate, 72 and 48 hours before death. In 

1 Hunt, T. E., Anat. Bee., 1P4‘2, 82, ^C.a.- Fnilo- 
crinolarni. 194S, 32, 334, 

~ Hunt, T. E.. Anat. Bee., in press. 

* Tlio estradiol l)p»zo.ate (rropynoii-R) was 
liindl,v furnisliod hy the Schcring Corporation, 
Bloomfield. X.,T. 

Hunt, T. E.. .Iirnt. Bee., 194,3, 85, ,32. 


addition to these, 3 others that did not re- 
ceive injections were killed on the 13th da}' 
of pregnancy to serv'e as controls. Of the 
pregnant animals that received injections of 
estradiol benzoate, 9 were killed on the 6th, 
7th or Sth day of pregnancy and 13 on the 
I2th, 13th, 14th or 15th day. Of those 
killed early in pregnancy, 3 animals showed 
evidence that implantation had occurred but 
in 2 of these abortion had apparently oc- 
curred. Those killed later in pregnancy all 
had living fetuses. 

To determine the mitotic activity, all 
mitotic figures were counted in a 3-micra 
coronal section of known area from each hy- 
pophysis. 

The results are summarized in Table I. 
-Animals receiving injections before implanta- 
tion of o\’a (Group 1) have an average of 
17.33 mitoses per sq mm. This is not signi- 
ficantly different (P. > .4) from the results 
obtained by injecting ovariectomized animats 
(Group 4),- and, as with the latter group, 
there is a considerable range in mitotic ac- 
tivity. The animal having the lowest count 
(3,3 mitoses per sq mm) was the only one 
that showed normal implantation sites. 

-Animals injected later in pregnancy and 
killed from the 12 th to the 15th day have an 
average mitotic activity of 4.35 per sq mm 
(Group 2). Nine of the 13 animals have 
consistently low counts (average 1.5), the 
other 4 falling within the range found for 
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Grouj) 

1 Progii.'iiif 0-S iluyu n-itli r.sfrogon 

2 Prcgi\:ml 12-15 days with <'Strtipoii 

3 Pipgnaiil witliaiit ostrogpii 

4 Ovaripctomizod with cstrogpii 

die injected ovariectomized Group 4. In com- 
paring Groups 2 and 4, the difference is def- 
initely significant statistically (P. < .01). 

The 3 animals not receiving injections and 
killed on the 13th da.v have an average mitotic 
activity of .72. This is essentially the same 
as the low mitotic activity found previously 
in somewhat older animals after the 3rd day 
of pregnancy'* and is also not significantly 
different from the average found in ovari- 
ectomized animals of the same age." 

The results show that during pregnancy 


Jlitoses permniS 
Mc.in ± S.B. 


9 92 (89-93) ir.33 d: 3.27 

13 94 (83-10l>) 4.35 ±1.41 

.3 95 (94-98) .72 ± .64 

10 83 (76-90) 22.09 ±5.46 


something is produced that, in most cases, 
suppresses the mitosis-stimulating effect of 
estrogen. The fact that the suppression does 
not occur until after implantation suggests 
that the placenta produces the inhibiting sub- 
stance. Since, in some cases, the mitotic 
activity in the hypophysis is not suppressed, 
it is necessary to assume either that the in- 
hibiting effect may be overcome or that the 
cells of the hypophysis are less refractory 
to mitosis-stimulating substances in some ani- 
mals. 


TABBE I. 

Mitotic Activity hi the Ilypopliysis of Kiitn. 


Age, 

avg and range, 
No. (lays 
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The Use of a Resistance Wire, Strain Gauge Manometer to Measure 

Intraarterial Pressure, 


Edward H. Lambert and Earl H. Wood. 

From the JercUrniion Morator;! and ficclion on Physiology, Mflgo Fovudalion, Pochester, 

Minn. 


For use in measurement of intraarterial 
pressure in man under ordinary circumstances 
in the laboratory' or clinic, the high frequency, 
hypodermic manometer developed by Ham- 
ilton and his associates’ has not been ex- 
celled in respect to its combination of ac- 
curacy and simplicity of operation. In cer- 
tain unusual situations, however, this man- 
ometer is inconvenient to use, because it must 
be rigidly fixed with respect to the recording 
camera and records must be made within a 
few feet of the subject. Attempts to over- 
come these disadvantages have led to devel- 
opment of means of converting pressure to 
electrical energy,**^ bo that arterial blood 

W. F., Brewer, G., .md Brotnian, I., 
Am. J. Physiol., 1934, 107, 427. 


pressure might be recorded with more free- 
dom at some distance from the subject by 
means of a galvanometer. The purpose of 
this paper is to describe the use of a re- 
sistance wire, strain gauge pressure transmit- 
ter to accomplish electrical translation in 
measurement of arterial blood pressure.^ ^ 
The strain gauge pressure transmitter*- 
consists of a balanced Wheatstone bridge 
' 2Sei^n7,A^li7f. cl. yes. Physiol.. 1940, 243, 


H-mpol, A., Arch. f. d. yes. Physiol., 1940, 

^Lillv J G., Err. Scient. Instruments, 1942, 

jranuf.-icturcd by St.itb.nm Laboratories, 8222 
•erly Blvd., Los Angelos, Calif. 

Meyer, R. D., Instruments, 1940, 10, No. 3. 
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lid- tilli’d with autieoagulative solution. Stopcock 
for fluid reservoir. C. Pl.nstic ineinbrane (Koro- 
seal). D. Lucite clumiher filled with oil. E. C.ase 
containing strain gauge. Wires, lead to battery 
and galvanometer. F. Ilolder. 

whose 4 elements are made up of strain sensi- 
tive wire. The 4 wires are mounted on a 
cantilever suspension, movement of which in- 
creases the strain on one pair of wires and 
decreases it on the other. Since the resistance 
of the wires changes unth variation in strain, 
movement of the suspension destroys the bal- 
ance of the bridge and causes current to flow 
in the output circuit. The magnitude of the 
current is directly proportional to the amount 
of mo%'ement of the suspension. The bridge 
may be powered by dry cells (6 to 20 volts) 

. and the output current measured by means 
of a microammeter or suitable recording 
galvanometer. No amplification is necessary. 
In utilizing this device as a pressure trans- 
mitter the cantilever suspension is connected 
to a bellows or diaphragm. ^Movement of 
the bellows or diaphragm caused by applica- 


tion of fluid or gas pressure alters the strain 
on the bridge circuit so that the amount of 
pressure applied can be determined b}' 
measuring the output current. 

In order to adapt the pressure transmitter 
for use in measurement of blood pressure, 
the housing which surrounds the bellows 
through which pressure is transmitted to the 
strain sensitive wires has been replaced by 
a cylindric lucite chamber (Fig. 1). The 
latter is filled under vacuum with nonvolatile 
oil (evacuated hydraulic fluid) and is sep- 
arated from a second lucite chamber by means 
of a loose plastic membrane (Koroseal). To 
the second chamber is attached a lead tube 
and needle used for arterial puncture and a 
stopcock which leads to a fluid reser\’oir. 
This system is filled with anticoagulative 
solution consisting of air-free solution of 
0.9% sodium chloride containing 20 mg of 
sodium heparin per liter. Use of oil in the 
first chamber prevents corrosion of the metal 
bellows by the action of the anticoagulative 
solution. Isolation of the first chamber from 
the second by means of a plastic membrane 
eliminates the possibility that air bubbles 
may become lodged in the folds of the bel- 
lows whenever the manometer is filled and 
washed with anticoagulative fluid. 

Strain gauge pressure transmitters which 
have several ranges of sensitivity are manu- 
factured. The gauge which has been used 
for measurement of arterial blood pressure 
has a closed circuit output of about 14 micro- 
amperes for a pressure equivalent to 100 mm 
of mercurj- (bridge resistance 273 ohms) 
over a total range of ± 780 mm of mercury. 
With use of this gauge, a lead tube % inch 
(0.3 cm) (inside diameter) by 18 inches 



Fig. 2. 

N.ntiir.nl frequency of str.iin grtugc iimiiometer 
witli IS-inch le.nfl tul)? .ind 19-g.iuge needle. Time 
intervnl is 0.01 second. 
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TABLE T. 

Natural rrctjticncy of Jlanoineteis Using A’arious Strain Gauge Pressure Transmitters. 


Strain 

gauge 

No. 

Full scale 
range, mm 
Mercury 

Needle*' 

gauge 

Natural frequency, cycles per second 

18-inch lead tuhef 

No lead tube 

Py-107 

± 7S0 

19 

G.3 

78 



17 

SO 

lOG 

I’0-SD-a.')0 

± 41.”i 

19 

lM) 

.13 



17 

33 

50 

Dr.-tDHoO 

± C’OS 

J9 

20 

25 



17 

24 

30 


* IVi inches in Icngtli. 
t % inch iutornal diameter. 


(45.7 cm) and a 19-gauge needle V/i inches 
(3.2 cm) long, the natural frequency of the 
manometer is about 60 cycles per second 
(Fig. 2) as determined by the method de- 
scribed by Hamilton and his co-workers.^ 
The displacement of fluid into the needle is 
about 0.5 cu mm when a pressure of 100 mm 
of mercury is applied. 

jMore sensitive strain gauge pressure trans- 
mitters are available, such as those which have 
a total range of 415 mm of mercurj' or 
± 208 mm of mercury, but their fluid dis- 
placement is greater and the natural fre- 
quency of the manometer using the.se gauges 
is considerably lower than that described in 
preceding sentences (Table I). 

The galvanometer which has been used 
with the pressure transmitter is the Type A 
manufactured by the Heiland Research Cor- 
poration.* The natural undamped frequency 
of tliis galvanometer is 40 crudes per second. 
When critically damped, its deflection is 
within ±2% of the true response up to a 
signal frequency of about 35 cj'cles per sec- 
ond but falls to SOfo at about 60 cycles per 
second. With the galvanometer located 2 
meters from the recording camera, the sensi- 
tivity of the entire manometer sj^steni is such 
that a deflection of 50 mm is equivalent to 
a pressure of 100 mm of mercury. The 
calibration of the system is strictly linear 
throughout its range and is stable so long 
as the voltage of the batteries is maintained. 
Hysteresis is approximately 0.5%. Mod- 
erate changes in temperature have only a 

negligible effect on the system^ 

Ileilanfl Kose.-ircli Corporation, 130 East Fifth 
Avoimc, Denver, Colo. 


With the ex'ception that recording is done 
by galvanometer, the technics and precau- 
tions used in measuring pressure with the 
strain gauge manometer are the same as those 
employed with the Hamilton manometer.' 
However, because of the relatively large vol- 
ume of fluid which enters the strain gauge 
manometer when pressure is applied, special 
care has been taken to avoid clotting of 
blood which enters the needle while measure- 
ment of blood pressure is being made. The 
bore of the stainless steel needle is polished 
by drawing through it a thread impregnated 
with thick grease containing fine emery dust. 
Before the needle is used, its inside surface, 
particularly near the point, is coated very 
thinly with paraffin. While the needle is 
in the artery, it is flushed periodically with 
a very small quantity of sterile anticoagula- 
tive solution. With these precautions, pres- 
sures have been measured continuously for 
more than an hour. 

The disadvantage of the strain gaup 
mariometer which has been described herein 
is the low natural frequencies of the man- 
ometer and the galvanometer. To determine 
the limitation which this may impose on use 
of the strain gauge manometer, the accuracy 
of this manometer for recording arterial blood 
pressure has been tested by comparison with 
a Hamilton manometer which had a natural 
frequency of 115 cycles per second. Simul- 
taneous recordings obtained by use of the 2 • 
manometers in studies on dogs have demon- 
strated that the strain gauge manometer ac- 
curately records normal peripheral pulses 
(Fig i) but that it may introduce instru- 
mental errors in recording more abrupt cen- 
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Femoral arterial blood pressure of a dog recorded simultaneously by Hamilton manometer 
(A) and strain gauge manometer (B). Time interval is 0.1 second. 


tral pulses as, for example, those of the com- 
mon carotid artery. For this reason the 
strain gauge manometer cannot be recom- 
mended for the study of arterial blood pres- 
sure and pulse wave forms in clinical in- 
vestigations in which the Hamilton manome- 
ter can be employed. 

To increase the natural frequency of the 
strain gauge manometer would require sac- 
rifice of its sensitivity. Because of the lim- 
ited sensitivity and the low frequency re- 
sponse of recording devices presently availa- 
ble, the use of electronic amplifiers would 
then be necessary to obtain satisfactory rec- 
ords. Other arrangements of strain sensitive, 
resistance wire designed for use with ampli- 
fiers have been employed in phj'siological 
research,® but their suitability for recording 
arterial blood pressure has not yet been re- 
ported. 

In its present stage of development, how- 
ever, the strain gauge manometer which has 
been described herein is useful for measuring 
the pressure in peripheral arteries in situa- 
tions in which electrical translation is neces- 
sary. For e.xample, this manometer has been 

<• Grundfest, H.urry, H.'ty, .T. .T., and Feitclberg, 
Sergei, Sciener, IPt,"*, 101, 23o. 



Fig. 4. 

Artcri.ll blood pressure and other physiologic 
rariables in man during exposure to centrifugal 
force (g). Pressure measured in radial artery 
with wrist at heart level by means of strain gauge 
manometer. Vertical white lines are spaced at 
intervals of 5 seconds. P.L.K. and C.L.R. show 
subject’s response to light signals in peripheral 
and central fields of vision. 


190 


X^ARious Rates of Cyanide Injection 


useful in determining the changes in arterial 
blood pressure which occur in man during 
exposure to centrifugal force on a human 
centrifuge'-’^ (Fig. 4). In this case the out- 
put current of the strain gauge was carried 
from the rotating centrifuge through mercury 
ring contacts and recorded in another room 
about 60 feet from the subject. 

Summary. The use of a resistance wire, 
>train gauge to convert pressure to electrical 
energy in making direct measurements of 
arterial blood pressure is described. The 

~ Lainbi-rt, M. 11., and Wood, K. II,, Fol. Tror., 
104(5, r,, .'50. 

sWi)od, E. 11., Lnmhori, E. II., JJ.ildcff, E. .T., 
■iiid C(idc‘. C. E., I-'cfl. Frtir.. 104(5, .■>, 027. 


electrical circuits involved are simple. Re- 
cording is by means of a galvanometer with- 
out the use of electronic amplifiers. The 
calibration of the manometer is linear, stable 
and relatively insensitive to temperature 
changes. The natural frequencies of the 
manometer and galvanometer are 60 and 40 
cj'cles per second, respectively. 

Addendum . .Manometers constructed with 
strain gauges of a more recent model (P6-1SD- 
250, serial No. 275) have natural frequencies 
up to 100 cycles per second when fitted with 
an IS-inch (45. 7 cm) lead tube and a 19-gauge 
needle. Their sensitivity has remained the 
same as that of previous strain gauge man- 
ometers. 
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Sodium Cyanide: Time of Appearance of Signs as a Function of the 

Rate of Injection.*' 

Arthur ,A. M’ard, Jr. (Introduced by W. S. jMcCulIoch.) 

From the Drpnrlmeni of P.tprliintn/, Vnivcr.iih/ of I'lVinois Collrfli' of 7\Icdlclne, llUnois Itcuro- 

ps’icliia/ric In.ililatc, Chxcapo, Jtt. 


The effects of sudden intravenous injec- 
tions of NaCN in animals have been de- 
scribed elsewhere.^ On the basis of both 
human and animal studies," certain conclu- 
sions have been drawn as to the probable 
detoxification rate for this compound based 
on the assumption that this rate is constant. 
Because of possible therapeutic applications, 
it is important to determine in what manner 
the body responds to slow-, constant infusions 
of dilute solutions of the sodium salt of cy- 
anide, and whether the detoxification rate 
varies as a function of the rate of injection. 

Method. Experiments were carried out 

* Tlic work (Icserihcil in this j>apcr nils carried 
nut under ;i eontraet between tlie Jtedieal Division, 
Olicmical Corps, U. S. Army, and the Tlniversity of 
tJIinois College of Medicine. 

I McCuUocIi, W. S., and VVheatloY, M. D., in press. 

e Loevenbart, A. S., Eoreuz, W. P,, Martin, H. G,, 
.and Malone, .T. X., Arch. hit. Med., 1918, 21, 109; 
Loevenbart, A. S., Malone, J. Y., and Jlartin, H. G., 
.1. Plinrw. niid Exp. Therap., 1922, 10, 13. 


on cats of about 2 kg paralyzed with dihj'dro- 
beta-crythroidine hi'drobromidel (10 mg i.v. 
followed by about 0.1 mg per min. con- 
tinuously) and maintained on artificial res- 
piration at 25 strokes/min. of 35 cc/stroke. 
The skull was laid bare and the electrical ac- 
tfvit 3 ' of the cortex obtained wdth skull elec- 
trodes was recorded with a 6-channe!, ink 
writing Grass oscillograph, the EKG being 
recorded with the same apparatus, using the 
conventional leads. Changes in the oxv'gen 
tension of the cortex were concurrently re- 
corded.’’ N'aCN w-as injected continuously! 
by an accurately calibrated 50 cc syringe 
driven by a si'nchronous motor, delivering 
from 0.033 ml/min. to 0.54 ml/min. By 

f The author wishes to tliaiik Merck & Co. who 
kindly supplied this drug. 

3 Davis, E. W., McCulloch, W. S., and Boseman, 
E., Am. J. Pspehiai., 1944, 100, S25. 

* The author wishes to thank Dr. H. K. Richards 
of the Abbott Daboratorics who loaned to us this 
apparatus. 
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Continuous infection of NaCN at tlie rate of 18, 37, and 72 ^g/kg/niiu. (diagonal 
straight lines). The time of .appearance of the v.arious phenomena is plotted against 
time at these various rates of injection (curved lines). 


varying the concentration of NaCN in the 
solution, rates of injection from 7 ftg/kg/min, 
to 100 ;rg/kg/min. could be achieved tvith 
accuracy over the entire range. 

Results. The effects of slow, constant in- 
fusion of NaCN are similar to those which 
follow sudden injection,^ the time of onset 
varying with the rate of injection. One of 


the first effects is a slight increase in both 
the frequency and amplitude of the electrical 
brain waves which is soon followed by the 
appearance of large, slow waves, with occa- 
sional superimposed bursts of fast, small 
wav'es. This is in turn followed bj’^ a gradual 
reduction in both the amplitude and fre- 
quency. ending, if the dose is great enough. 




0 14-66 10 11 14 16 16 ZO tz 14 26 26 

Minutes 
Fig. Z 

Composite curves of 10 experiments. Tlie points of intcrsoction of tlic eiirred and 
diagoiml lines indicate particular jilicnomena occurred at that rate of injection. 


Dose is o.xprcssed in /ig/Ug. 

in an absence of activity. The first cardiac 
change is an anoxic T-wave which becomes 
progressiveljf larger and may invert. Slow- 
ing of the heart occurs slightly later and in- 
creases as the injection continues until the 
plateau for that dose is reached. 

During the recovery from the effects of 
continuous injection, the electrical activity of 
the corte.x often shows a period of h3T3er- 


activity with episodes of both tonic and clonic 
tj'pes of discharges. This has also been ob- 
served following sudden injections. 

In contrast to the findings following sud- 
den injection, the oxygen tension fails to 
show a consistent elevation, even when the 
EEG changes are most marked. 

As an inde,\- of the action of NaCN, van- 
ous clear and consistent phenomena have 
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been chosen as end-points, nameh" onset of 
anoxic T-wave; .. cardiac slowing - of IS 
beats/min.; increase in frequency and also 
flattening of the electrical activitj' of the 
cortex; and onset of isoelectricity of the EEG. 
The onset of these, abstracted from the con- 
tinuous records, are plotted on the straight 
lines representing the rates of injection. The 
points for each variety of end-point lie on 
curved lines. The complete curx'es for one 
representative experiment (Cat No. 155) are 
presented (Fig. 1) as well as one composite 
curve containing the average values for 10 
animals (Fig. 2). It will be noted that while 
the various effects of NaCN occur serially 
close in time at high rates of injection, at 
slower rates of injection they are dispropor- 
tionally spread out in time. 

Discussion. It is not surprising that the 
oxygen tension is inconsistent when both the 
consumption and the supply are variably de- 
creased. 

If detoxification of NaCN in the body pro- 
ceeded at a constant rate, the plots of the 
end-points of any variety would fall on a 
straight line. The observed ascending curves 
being convex upward, indicate that the rate 
of detoxification increases with the concen- 
tration — as it would if it followed the law of 
a mass action. The clinical correlate of this 
concept is that a greater margin of safety 
obtains at slower rates of injection and for 


higher end-points. Thus in Fig. 1 there is 
an inten'al of 3 minutes between EEG iso- 
electricity and EEG flattening when NaCN 
is injected at 73 /xg/kg/min. and an interval 
of 7 min. at 38 /ig/kg/min. At slower rates 
the interval increases greatty and at 25 
/ig/kg/min. isoelectricity never occurs. 

As the rate of injection is increased so as 
to approach the injection of the whole dose 
in 7 seconds, new factors begin to determine 
the time of appearance of the end-points. 
These include not only circulation time and 
time for diffusion into the tissues, but the 
time for the alteration of the tissue and the 
time for the development of the particular 
phenomenon as well as other things at pres- 
ent unknown. Any attempt to extrapolate 
from the cutwes for slow injection to the 
time of appearance of an\' sign after sudden 
injection is clearly unwarranted. It is im- 
portant to note that these other factors de- 
termine delays too short to account for the 
observed curvature. 

Summary. NaCN in dilute solution has 
been injected slowly at constant rates rang- 
ing from 7 to 100 /ng/kg/min. The time 
and dose, at which several phenomena are 
first encountered, plot in ascending curves 
which are conve.x upward. This cun^ature 
probably indicates that detoxification of 
NaCN proceeds rapidty at higher concentra- 
tions. 


15744 

Effects of Use and Disuse on Nerve Endings, Neurosomes, and Fiber Types 

in Skeletal Muscle."^ 


Ebex J. Carey, Eugexe Haushalter, Leo C. ^Massopust. Fraxk G.arofaeo, Johx 
Lyxch, Dexis Tabat, axd Eli Socoloff. 

Fttm the JDcpnrtmpiit of Analomy, Marquette Univer.^itti School of ifedicinc. MiUcauhec TrCsc. 


Pathologic neurosomes were first identified 
in the muscles of man^ and nionke 3 ’- during 

* -ViUed by a grant from The Xational Fnnnda- 
tion for Inf.intile Paralysis, Inc., the Baruch 
Committee on Pliysica] iModicine, and the iledical 
Department of TIoffmann-La Itoclie. Inc. 


the early acute changes produced b\' polio- 
mt'elitis, and later in the muscles of rats and 

I Carey. E. J., Mnssopust, X,. C., Zeit. VT., and 
Haushalter, E.. J. Xeiiropntli. aud iVp. Xeurol., 
1044, 3, 121. 

e Carey, E. .T.. Am. .T. Path.. 1044. 20, PGl. 
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Compo.site curvc.s of 10 experiments. Tlio points of intersection of tlie curved and 
diagonal lines indicate particular iilienoniciia occurred at tliat rate of injection. 

Dose is e.xprcsscd in fig/Ug. 

in an absence of acti\'ity. The first cardiac activity with episodes of both tonic and clonic 
change is an ano.xic T-wave which becomes types of discharges. This has also been ob- 
progressively larger and may invert. Slow- served following sudden injections, 

ing of the heart occurs slightly later and in- In contrast to the findings following sud- 

creases as the injection continues until the den injectioDj the osj'gen tension fails to 
plateau for that dose is reached. show a consistent elevation, even when the 

During the recovery from the effects of EEC changes are most marked, 

continuous injection, the electrical activity of As an inde.\- of the action of NaCN, vari- 

the cortex often shows a period of hjper- ous clear and consistent phenomena have 
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chameleons during the onset of shock follow- 
ing hemorrhage/- heat,-* trauma,® chemical 
action," and histamine injection." Suggestive 
evidence of the probable relation of the 
periodic secretion from the nerve endings to 
the granular and agranular muscle fibers, 
as well as to the clumping effect of DDT® 
on the neurosomes, had been demonstrated. 
The discharge of pathologic neurosomes into 
muscle during the earl,v stages following 
nerve section® had likewise been shown, as 
well as the possible relation of the progressive 
loss of the normal, fine neurosomes to the 
gradual disappearance of the normal, dark 
and granular muscle fiber during atrophy. 
The purpose of this paper is the histologic 
demonstration of the giant fusiform neuro- 
Eomes, discharged from ner\'e endings, re- 
tarded in rate of discharge, diffusion, and 
dissolution during the early stages of mus- 
cular atrophy of disuse following tenotomy 
of the innervated gastrocnemius muscle of 
the rat. 

Methods. Under aseptic surgical technic, 
the .Achilles tendon of the right gastrocnemius 
muscle was compieteiy severed by transverse 
section from the oilcaneus, and 3 mm of 
the distal end of the tendon were e.xcised, 
in 150 white rats (Mtis norvcgicus). The 
gastrocnemius muscle of the left leg was al- 
lowed to remain intact and used as a control 
of the effects of normal use. kt 24-hour 
inten-als the morphologic changes in the right 

3 C.-ircy, E. .T,, Jfnssopiist, L. C., Zeit, XV., TIaus- 
li.nlfer, E., .and Soliinitz, .T., Paor. Soc. Exr. Uioi.. 
AXn MW)., 1044, ."(1, 115. 

•< Carpy, E. .1., Massopust. L. Ifaiisliaiter, E., 
and Zeit, XV., Proc. Soc. E.xr. Bion. .xkd Jim, 
1945, 00, 121; .I»i. 3. Ftilli., 1945, 22, 175. 

a Carey, E. .1., JIassopu.st, L. C., Zeit, X^^, Ilaus- 
Imlter, E., ;ind Selimitz, J,, J. Xdiropath. and Exp. 
Xcurol., 1945, 4, 134; C.arey, E. J., Massopnst, 
h. C., Zeit, W., ITauslialfcr, E., Ilaniel, J., and 
Jcub, R., Jm. J. Path., 1945, 21, 935. 

0 Carey, E. J., Am. J. Path., 1944, 20, 341. 

T Carey, E. J., unpublished observations. 

s Carey, E. J., Downer, E. M., Toomey, F. B., 
and Haushalter, E., Proc. Soc. E.xp. Biol, and 
Med., 1940, C2, 70. 

a Carey, E. <1., Jtassopust, L. C., Haushalter, E., 
Sweeney, J., Saribalis, C., and Baggio, J., Am. J. 
Path., 1940, 22, 1205. 


gastrocnemius muscle xvere compared with the 
normally used muscle of the left side in each 
of 5 rats over a 30-day period. Segments 
of the control and experimental gastrocnemius 
muscle and sciatic nerx-e were simultaneously 
subjected to the same histologic technics. In 
30 additional xvhite rats, 2 xx-ere selected at 
4S-hour intervals following tenotomxc A 
ligature tied at the cut end of the muscle 
had at the free end of the ligature suspended 
weights that xmried from 10 to 30 g de- 
pending upon the size of the muscle. The 
living muscle in situ xx-as gradually restretched 
prior to excision and gold impregnation for 
10- to 15-minute periods alternating with 
5 minutes of rest for 3 to S hours. 

The method of gold impregnation and teas- 
ing of whole muscle fibers, prexdously de- 
scribed,^’® was found superior to any other 
neurologic technic for the detection of the 
structural changes of the nerve endings in 
muscle. This method xx-as checked against 
the current jxipular ones in xvhich silver or 
methylene blue are used. The muscles were 
likexvise stained xx-ith osmic acid, Sudan III, 
Sudan black, and Scharlach R, as xvell as 
xvith ordinary stains such as hematoxylin and 
cosine,- after fixation xvith either formalin, 
Zenker’s fluid, or other fixatives. Formalin 
produced chemical changes and altered crit- 
ical features of the morphology of the neu- 
romuscular apparatus. No alcoholic dehy- 
drating agent xx-as used in the gold method of 
teased xvhole mounts. The teasing of xx'hole 
muscle fibers xx-as a better technic than that 
of cutting the muscle into sections for ob- 
servation of the xvhole neuromuscular ap- 
paratus and the anatomical relationships and 
changes of the epilemmal a.xon, hj-polemmal 
axon, granules of Kiihne, cross striations, 
and the granular and agranular muscle fibers. 
The following e.xperimental observations xvill 
be confined to the structure of nerve endings 
and muscle revealed by the gold technic. 

Results. Effect of normal use on nerve and 
muscle. The normal muscle observed after 
gold impregnation and in teased xx-hole mus- 
cle fibers had narroxx-, dark, and coarsely 
granular muscle fibers (Fig. 1) scattered 
among others of various diameters xx-hich 
were either finely granular or relatix'ely 
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Fio. 4 TO 7. 

riiotonikT(if;i:i]iIis. Cross sections, normal, coarsely and finely granular muscle fibers X 40(1. 
l';g. 4; giant fusiform ncurosomes in teased wliolc gastrocnemius muscle fibers X COO, Fig. .7 
and C; and cross sections of fiber containing giant fusiform ncurosomes, gastrocnemius muscle, 
wbitc rat. X COO, Fig. 7. Legend; no, nerve endings; GN.'t. giant fusiform ncurosomes. Gold 
cbloride tccbnic. 
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agranular and light (Fig. 1 and 4). These 
dark fibers were designated as hj-percbrj'- 
sophilous and the light ones as hypochrj'- 
sophilous and achrj^sophilous. There were 
multiple gradations of affinity for gold be- 
tween the extremes. The ner\’e endings were 
usualh' retracted and deeply impregnated 
with gold (Fig. 1) in the h\-perchrysophiious, 
dark muscle fibers. In the hypochrvsophi- 
lous fibers the nen'e endings were usually 
expanded (Fig. 1) and had a decreased af- 
finity for gold. The granules of Kiihne 
usualh' formed a dense rim around the re- 
tracted nerve endings whereas there was a 
quantitative diminution of these granules, to 
the point of complete depletion, around the 
extended branches of the e.xpanded nerx’e 
endings produced by neuroprotoplasmic 
streaming. In a differential count of 5000 
nerve endings the retracted endings varied in 
length from 20 to 40 /i and the expanded 
endings from 40 to 60 /i. 

The normal muscle in cross section (Fig. 4) 
had relatively narrow fibers with coarse 
granules or neurosomes and the wide fibers 
contained medium-sized and fine granules. 
There were variations in the size of the 
granules, however, in the fibers of different 
diameters. In other locations in this same 
muscle, some of the wide fibers were rela- 
tiv'ely agranular. The a.xon, nen'e endings, 
granules of Kiihne, and granules in the muscle 
fiber, all had the same reaction to gold. The 
size and distribution of the granules were 
assumed to be related to the different degrees 
in the process of h 3 'droI}'sis after the neu- 
rosomes were discharged into the muscle. 

E^ect of tenotomy on nerve and muscle. 
There was a progressive loss of the differential 
tj'pes of muscle fibers following tenotomy 
(Fig. 2 and 3). The characteristic normal 
dark type of granular muscle fiber was grad- 
ually lost until, on the 30th day (Fig. 3) 
following tenotomy, it was very infrequently 
found. There was, likewise, a great deple- 
tion (Fig. 3) of the nerve supply. In some 
places the hypolemmal a.xons of the nerve 
endings were completely absent (Fig. 3) and 
all that remained were clumps of sole plate 
nuclei. The structural e.xpression of the 


dark, coarsely granular muscle fiber (Fig. 1 
and 4) was determined by the presence of 
the attached and normally functioning mus- 
cle with its innervation. The nerve endings 
became uniformly and deeph' impregnated 
with gold and fusiform in shape (Fig. 2) 
between the 10th and 20th da 3 's following 
tenotom 3 ' in the rat. These fusiform neix'e 
endings were moulded by the progressive 
shrinkage of the muscle fiber due to loss of 
muscle substance. 

On the ISth da\' (Fig. 2) of disuse atrophy 
following fenotom 3 ', there could be seen mani- 
festations of various stages in the discharge 
of giant fusiform neurosomes from the ob- 
long and spindle-shaped ner\'e endings which 
were h 3 'perchr 3 'sophiIous. From the 3rd to 
the 15th day following tenofom 3 ', in certain 
places in the muscle, a progressive increase 
in the number of the giant neurosomes was 
found. From the 15th to the 30th day fol- 
lowing tenotomy, there was a progressive 
decrease in the number of these giant neuro- 
somes. The discharged giant neurosomes 
were irregularh' scattered in the m 3 'oplasm. 
Some of these giant fusiform neurosomes 
were uniforml.r’ and deepl 3 ' impregnated with 
gold. Some were light in the center and 
dark at the tapering ends. Others were light 
at the ends and dark in the center. Still 
others were ver\’ faintl 3 ’ impregnated with 
gold, and their contained granules were ar- 
ranged in cross striations undergoing pro- 
gressive alignment with the cross striations 
of the muscle fiber. 

These fusiform neurosomes varied from 
10 to 275 /i in length and from 4 to 60 
through the widest transverse diameter. In 
some places there were small oblong and 
fusiform neurosomes similar, in morphology 
and staining reaction to gold, to those ob- 
served during the early stages after nerve 
section in denen'ated muscle.® The large 
fusiform neurosomes produced a streamlining 
effect (Fig. 5 and 6) on the cross striations 
of muscle during the process of migration 
from the nerve ending and dispersion in the 
myoplasm of the muscle fiber. Some of these 
neurosomes in transverse sections were im- 
mediately under the sarcolemma whereas oth- 
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insertion, appear to be necessary' for the nor- 
mal rate of discharge of granules from the 
motor end plates. This secretory' process 
from the nerve endings may be slowed down 
by disuse of the innervated gastrocnemius 
muscle following tenotom}-. By tenotomy, 
the normal stretch or tension of the muscle 
is destroyed. The lax muscle fibers released 
from one attachment are analogous to the 
broken strings of a violin. The detached 
strings are incapable of normal vibratoty^ 
response because of loss of tone or tune. The 
rate of discharge of neurogenic substance in- 
to the muscle appears to depend upon the 
reciprocal interaction between nen’e and 
muscle. The normal mechanical tension of 
the attached muscle fibers appears to deter- 
mine the normal periodical flow of neuro- 
genic substances into the muscle. The nor- 
mally attached muscle fiber appears to act 
like an alternate pressure and suction cham- 
ber upon the nerve ending. This nerve end- 
ing appears to be a biological jet valve or 
ejector of the neurogenic secretion. Under 
norma! conditions the rate of discharge, dif- 
fusion, and disappearance of neurosomes is 
excessively rapid. The release of normal 
muscle stretch by tenotomy decreases the de- 
mand, and slows down the rate resulting in 
accumulation of the neurogenic discharge in- 
to the abnormally flaccid muscle fibers. 

Evidence now at hand supports the state- 
ment that the changes of fatty metamorpho- 
sis, Zenker’s hyaline degeneration, the patho- 
genesis of dystrophy and of poliomyelitic 
muscle, are closely related to the pathology 
of the neuromuscular apparatus and altera- 
tions in the secretion of neurosomes into 
muscle. In the past, many of the fine 
physiologic neurosomes have been identified 
variously as the interstitial granules of 
Koliiker,*® the J and Q granules of Holm- 


U' Koliikrr, A,, Z. f. TTixsrnscli. Zoof., Leipzig, 
1S5T, 8, 311. 

M nolmgrcii, E., Anat. Jnr., 1907, 31. 009: 
JreJi. f. mil-r. Anat., 1907-08, 71, 10.5; IhUl., 1910, 
75. 240; Amt. An:., 1913.-14, 22.5; AVvrnxc, 1913, 
14 13, 277. 

Aibrcciit, E., VfrJinmV. A. Acut.xch, patU. 
Grfflhch., 1903, 0. 03. 


gren-® and the liposomes of Albrecht-’^ and 
Bell.“ 

Evidence’"' had been accumulated and pre- 
sented that the full fractional contraction, 
the relative relaxation, and the onset of con- 
traction of functional activity, all were cor- 
related with the tj'pes of nen^e endings and 
muscle fibers. The dark, granular muscle 
fibers were proportionately increased in num- 
ber by magnesium sulphate'* and by agents 
that inhibited cholinesterase in its hydrolytic 
action on acetylcholine, such as thiamin 
chloride, atropine, curare, prostigmine, and 
ergotmine.-“ In high concentrations (0.25 
to 0.5%) these chemicals injected into the 
living muscle increase proportionately by 25 
to 50% the number of the dark granular 
muscle fibers,-^ On this incomplete evidence 
it is assumed that some of the granules in 
the dark muscle fibers are composed, at least 
in part, of acetylcholine. 

The evidence presented in this paper sup- 
ports the principle of the Double Dcpcudcucc 
of nen^e and muscle proposed by Young.^® 
He stated that muscle receives its stimula- 
tion from nerve and e.xercises constraint 
against other muscles or outside forces, ilus- 
cle will atrophy if given too little direction 
from above, as after total denervation or 
isolation of lower from upper neurones; it 
will also atrophy if it is left relaxed fay 
tenotomy and, therefore, cannot contract 
against resistance. We have observ’ed, also, 
that disuse of the rela.xed and attached gas- 
trocnemius muscle, in the rat, b}- fixation 
of the whole limb In a cast produces changes 
in the neuromuscular apparatus similar to the 
effects of tenotomy.-* 

Swtwtary. The limited experimental evi- 
dence presented in this paper tends to sup- 
port the following statements: 

The nonnalh' used and innervated gas- 
trocnemius muscle of the white rat is char- 
acterized histologically by dark, coarsely 
granular and light, finely granular and 


ezBdi, E. T.. Jiiof. Vcc.. 1 . 910 , 4. 1 . 9 . 9 ; hKcrnnt. 
Jfojwt.tclir. /. Amf. ir. Thyxioh. 1911, 28 , 297 ; 
J. Path. 0 ) 1(1 Unci., 1 . 912 - 13 . 17. 147 . 

ZSC.orpv, E. .T., nnpttWislieO obsfn.oHoas. 

C.ircv, E. .T., unpublisbed obscrv.ntions. 
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ers occupied the center (Fig. 7) of the mus- 
cle fibers. During disuse atrophy there ivas 
a progressive loss of the normal dark muscle 
fiber and of the normal coarse granules (Fig. 
7) of the neurosomes. The granules were 
either very fine and dispersed, or aggregated 
into the giant fusiform neurosomes. In cross 
sections (Fig. 7) the giant neurosomes were 
either uniformly impregnated deeply with 
gold, or they had a light center or a rim of 
granules faintly reacting to gold. 

The gastrocnemius muscle lost 30 to 50^ 
of its weight, compared to the normal con- 
trol, between 21 to 30 days after the tenoto- 
my. There were individual variations in 
the rate of atrophy and in the morphologic 
changes of the neuromuscular apparatus and 
fibers of the gastrocnemius muscles. These 
variations were found not only in muscles 
from different animals e.xamined after the 
same time interval following tenotomy, but 
also in different fibers in the same muscle. 
It was necessarj', therefore, to suivey great 
numbers of muscle fibers to detect the sta- 
tistical trend of the morphologic changes. 

The reestablishment of partial muscle 
stretch in some fibers of the muscle b}’ re- 
generative attachment of the tendon to the 
subcutaneous tissue was a variable to be 
taken into consideration in evaluating the re- 
sults. In some of the rats in our series the 
tendon of the muscle was freshly cut at 7-day 
intervals to eliminate the effects of partial 
reestablishment of stretch by union of 
tendon to subcutaneous tissue. The loss of 
normal muscle stretch determined the dis- 
charge of giant neurosomes. This was indi- 
cated b 3 ' the total absence of the giant 
neurosomes in the series of 30 living muscles 
e.vperimentally restretched in situ before ex- 
cision and gold impregnation. Two muscles 
were restretched at 48-hour inten^als until 
the 30th day after tenotomy. 

Discussion. The basic mechanism in the 
physiology of use, increased use by exercise, 
and disuse, resulting, respectively, in muscle 
maintenance of health, hypertrophy, and 
atrophy of disuse and disease, is unknown. 
Young’® stated that “the theories of the 

lOToun^J. Z.,Taucctri^ 2, 109. 


causes and nature of muscular atrophy are 
numerous but none is conclusive.” This com 
elusion is held likewise by Carlson and John- 
son." The parts of the living bod}' increase 
and decrease in size in proportion to the 
functional demand or use, but the essential 
underlying cause of these changes has re- 
mained an elusive one. 

The hypere.xcitability manifested by fibril- 
lations may be prevented by quinidine, but 
Solandt and IMaglader}'’- observed that the 
denervated muscle continues to shrink in size. 
The slow, incoordinate activity of fibrillation, 
therefore, appears not to he the cause of the 
muscular atrophy. It has been demonstrated 
by Gutmann and Gutmann,’® Hines," Ec- 
cles,’’’ and Solandt,’® that the volume of de- 
nervated muscle may be fairly well main- 
tained for a certain period by appropriate 
electrical e.vercises. Evidently, periodic op- 
timum tension of traction and contraction 
(work) of muscles anchored to their attach- 
ments is necessary for muscle maintenance 
during health. Suggestive evidence was dem- 
onstrated previously that an optimum peri- 
odic tension of differential growth is neces- 
sary for the genesis of both smooth and 
skeletal muscle." Evidence was also dem- 
onstrated that anatomic and e.vperimental 
dampers to the lateral expansion of the 
stretched muscle fibers produces a replace- 
ment of muscle by fibrous tissue.’® 

The normal tension, or stretch, and work 
of the intact muscle attached to origin and 

11 Carlson, A. .T., and .Tolinson, V., The Machinery 
of the Body, University of Chicago Press, Chicago, 
1937, G20 pp. 

12 Solandt, D. V,, and ^tagladery, .T. W., Brain, 
19-10, C;{, 255. 

13 Gutmann, E., and Gutmann, L., Lancet, 19-12, 

J, 109. 

li Hines, H. M., J. A. M. J., 1042, 120, 515: 
Hines, H. 51., Tlioinson, J. D., and Lazere, B., 
Arch. Phys. Thcrap., 1913, 21, 09. 

13 Ecclcs, J. C., J. Physiol., 1911, 103, 253. 

10 Soiandt, D. T., de Lury, D. B., and Hunter, J., 
Arch. Kcurol. Psychiat., 1913, 49, 802. 

IT Carey, E. J., J. Gen. Physiol., 1920, 2, 357; 

J. Gen. Physiol., 1920, 3, Cl; Am. J. Anat., 1921, 

29, 311 ; J- Morpho!,, 1922, 87, 1. 

18 Carey, E. J., Am. J. Anat., 1930, 39, 89. 
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has been initiated in our laboratories, ndth 
results which indicate that the infection pre- 
vails among them. 

There are two methods which may be em- 
ployed for the detection of ornithotic infec- 
tions in birds; one involves the inoculation of 
mice with the suspected avian spleen, liver 
and kidney tissue emulsions; the other meth- 
od involves the serological detection of in- 
fection with the complement-fixation technic. 
That the latter technic is accurate is affirmed 
b}' the extensive data presented by Bedson,'* 
and by hleyer cf al.^ Francis and Gordon® 
increased the specificity of the antigen by 
preparing it from the chorio-allantoic fluid of 
the infected chick embryo. 

Methods. Antigen. \ standard strain of 
ornithosis virus (P-4), obtained from Dr. J. 
E. Smadel, was propagated in the chorio- 
allantoic fluid of 7-day-old chick embrj'os. 
After 5 days further incubation at 35 °C, 
the extra embryonic fluids were collected 
from the eggs and this material was then 
inactivated at S6'’C/30 minutes. The agent 
was sedimented in an angle bead centrifuge 
at 6000 r.p.m./l hour after which the sedi- 
ment was resuspended in saline to I/IO its 
original volume. It was then titrated nith 
a known potent antiserum and its comple- 
ment fixing titer was set at 2 units. This 
antigen was prepared by us while at the Sth 
Service Command Laboratorj’’, Fort Sam 
Houston, Texas, and was subsequently pre- 
served in the lyophilized state at refrigerator 
temperature until used in this problem. 

Serum. The blood specimens were collect- 
ed by heart puncture and after storage over- 
night in the refrigerator, the serum was sep- 
arated and inactivated at 56°C/30 minutes. 
Specimens of serum were collected from the 
following species of birds: Laughing gull 
( Lams atriciUa L.), Royal tern ( Sterna ina.xi- 
nta B.), Least tern (Sterna antillarum L.), 
Common tern (Sterna hintiido L.), Skimmer 
(Rynchops nigra L.), Willet (Catotrophorus 

■* Bodson, S. P.. Brit. J. Exp. Patti., 1936, IT, 109. 

•" Moyer, K. F,, and Eddie, B., J. Inf. Dis., 1939, 
C5, '225. 

0 Franeis, B. D., and Gordon, F. B., Vp.oc. Soc, 
Exr. Biol. ,\nd Med.. 1043. 50, 270. 


scmipalmatus G.), Gull billed tern (Gclo- 
chclidon iiUotica L.), Glossy ibis (Plcgadis 
autunmaUs L.), Reddish egret ( Dichro- 
manassa rcjusccns), Brown pelican (Pclccanus 
occidentalis L.), Sooty tern (Sterna piscatus), 
and Sanderling (CaUdris Icucophaca P. t. 

Test. The inactivated serum was diluted 
in saline serially from 1:5 to 1:160 in 0.2 cc 
amounts, 2 units of antigen, and 2 units of 
complement was added, and this mixture was 
incubated at 37® C/1 hour. The amboceptor 
and 2% sheep red blood cells were then added 
and further incubated at 37°C/30 minutes. 
.At the end of this period the results were 
recorded, providing the serum, antigen and 
complement controls were satisfactory. 

Results. It ma\’ be noted in Table I that 
40% or more of the laughing gull, skimmers 
anrl willets showed complement-fixing anti- 
bodies for ornithosis in their blood serum. 
There was a lower incidence of antibodies 
in the blood serums of the terns and sander- 
lings, although the total numbers of the spe- 
cies were smaller. The majority of serum 
titers were in 1:5 and 1:10 dilutions; how- 
ever, some went as high as 1:S0 and 1:320 
dilution. Of 165 birds of all species exam- 
ined, 61 (36%) showed evidence of com- 
plement-fixing antibodies for ornithosis in 
the blood serum. 

This serological evidence must necessarily 
be confirmed by actually demonstrating the 
agent in organs of naturally infected birds. 
Thus far, a virulent ornithosis-like agent has 
been isolated in mice from the pooled livers 
and spleens of 2 willets. This agent (W- 
ornithosis strain) is lethal for mice by in- 
tracerebral and intraperitoneal routes; in 
either case, nests of elementary bodies can 
be observed in the mononuclear cellular ex- 
udate of the spleen and meninges. The agent 
kills 7-day-old chick embryos in 4 to 5 days, 
in which case the chorio-allantoic fluid con- 
tains numerous minute elementary bodies. .An 
antigen was prepared from the chorio-al- 
lantoic fluid, as described for the P-4 psit- 
tacosis antigen above, and it fi.ved comple- 
ment with psittacosis serum, Ijunphoaran- 
uloma venereum serum, and its homologous 
rabbit serum. This latter serum also fixed 
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agranular muscle fibers. The nerve endings 
are usually retracted in the dark, coarselj'' 
granular fiber and e-xpanded in the light, 
agranular fiber, as revealed by gold impreg- 
nation of teased whole muscle fibers. The 
atrophy of disuse following tenotomy of the 
gastrocnemius muscle with nerve supply in- 
tact, is accompanied, during the first month, 
by the progressive loss of the narrow and 
dark, coarsely granular muscle fiber, and by 
a depletion of its innerx'ation. The dark, 
granular muscle fiber is determined by the 
reciprocal interaction of tlie normally intact 
and attached muscle fiber with its normally 
functioning innervation. During the process 
of atrophy of disuse after tenotomy, small 
and giant fusiform neurosomes are discharged 
from the altered ner\’e endings. It is as- 
sumed that these giant fusiform neurosomes 


are the product of a retardation in the rate 
of the discharge; diffusion; and disappearance 
bt' hydrolysis, following tenotomy and disuse 
atrophjr of the innervated gastrocnemius 
muscle. There appears to be a parallelism 
between the atrophy by disuse of tenotomized 
muscle and the loss of the normal discharge 
of neurosomes from the altered and progres- 
sively depleted innervation of the muscle. 
One factor in the atrophy of disuse of muscle 
appeared, therefore, to be the substantial 
loss of the discharge of neurosomes into mus- 
cle as well as the quantitative decrease of 
the myoplasm. The giant fusiform neuro- 
somes that appear during the early period 
following tenotomy disappear when the liv- 
ing muscle ill situ is adequately restretched 
prior to e.xcision and gold impregnation. 
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Ornithosis in Sea-Shore Birds.* 

Morris Pollard, (Introduced by Ludwik .Anigstein.) 
From ihc Vnivcrsifi/ of Texas, CntfMfoii, Texas. 


Psittacosis-like infections have been re- 
ported in a large variety of wild and domes- 
ticated birds including parrots, finches, 
pigeons, chickens and turkeys.^ Because of 
the wide prevalence of psittacosis-like infec- 
tion among many species of wild and domes- 
ticated birds, Meyer proposed that the more 
general term “ornithosis” be employed in 
referring to nonpsittacine infections. It has 
not 3'et been found in partridges, quail or 
wild ducks,- Among the sea birds, the Ful- 

* .Sincere .npprcciation is expressed to Drs, E. "W. 
Strandtiimnn .nnd C. H. Deriielil for tlieir assist.nnce 
in tiie capture .and identification of tlio birds used 
in this study. 

1 Jtever. K. F., Psittacosis and Ornithosis, in 
Disen.'i« of Poultry, The Collegiate Press, Inc., 
Ames, Iowa, I. fill. 

2 Eddie, B., and Fianeis, T., Jr., Pnoc. Soi'. Exr. 
BlOh. AXD 5IED., 1942, 50, 291. 

."■Easmussen, H. F., Zcutratbl. f. PaU., I Abt., 
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mar petrel has been incriminattU as the 
source of an epidemic of psittacosis in human 
inhabitants of the Faroe Islands.-" .Many of 
the avian species in which this disease is 
present ordinarily do not manifest clinical 
sy-mploms of the disease but carr\- the virus 
in “silent” fashion. This dormant infection 
of birds appears to be provoked to activitt' 
bv conditions associated with crowding, mal- 
nourishment, or other effects of commercial 
aviarj' mismanagement. The disease might 
also be regarded as a natural population con- 
trolling factor, remaining inapparent until 
overpopulation and undernourishment permit 
the infection to become activated and ag- 
gravated in virulence. 

Psittacosis (ornithosis) is an important 
public health problem; so it is important that 
the natural or potential reservoirs of the dis- 
ease be known. A study of the incidence of 
ornithotic infections among sea shore birds 
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In previous communications submitted 
from this laboratory^®^^- a method ivas de- 
scribed for preparing specific diagnostic anti- 
gens for certain rickettsial and neurotropic 
viral diseases. The adaptation by Koprow- 
ski and Cox^®’^'* of Colorado tick fever virus 
to the brain tissue of the laboratory' mouse 
provided means of obtaining large amounts 
of infectious material for the preparation of 
complement-fixing antigen. The present 
work deals with the application of the above 
cited method in the preparation of comple- 
ment-fixing antigen for the diagnosis of Col- 
orado tick fever. 

Materials and Methods. Virus Strains. 
Three strains of Colorado tick fever virus — 
the Florio (FI), the Baker (B), and the Con- 
don (C) — originally' obtained from Dr. Lloyd 
Florio, and adapted to the mouse brain 
in this laboratory were used for the prep- 
aration of the complement-fixing antigen. 
The FI strain had undergone 30 hamster' 
and 35 mouse brain passages.^^ The B 
strain had been carried through S hamster'^ 
and 10 mouse brain passages,^^ while the C 
strain was adapted directly' from the serum 
of a naturally' infected human case to the 
brain of the dilute brown agouti (dba) 
mouse, following which it was carried 
through 10 brain-to-brain passages in Swiss 
albino mice. 

Stable virus preparations were readily ob- 
tained by preparing 5 or lOfo infected brain 
suspensions in a 50-50 mixture of normal 

f Pollard, M., Livesay, H. K., Wilson, D. J., and 
yVoodland, J. C., Pboc. Soc. Exp, Biol, axd Med., 
1940, Cl, 396. 

10 Wolfe, D. JI., Van dor Sclieer, J., Clancy, 
C. F., and Cox, H. K., J. Bact., 1940, 51, 247. 

11 De Boer, C. J., and Cox, H. R., J. Bad., 194G, 
51, 613. 

1- Be Boer, C. J., and Cox, H. R,, J. Immunol., 
1047, 55, 193. 

10 Koinowski, H., and Cox, H. B., Pp.oc. Soc. 
Exp. Biol. .\xd Med., 1940, 62, 320. 

11 Koprowski, H., and Cox, H. E., in manuscript. 
Presented before the American Society of Tropical 
Medicine, Miami, Florida, November 5, 1940. 

* Professor of Preventive Medicine and Public 
Health, School of Jtedicine and Hospit.als, Enirer- 
sity of Colorado, Denver, Colo. 


rabbit serum-saline (pH 7.4) and storing in 
the dry' ice chest. 

Antigens. Three groups of 300, 21-day- 
old Swiss albino mice were injected intra- 
cerebrally with 0.03 ml of a 1:50 dilution 
of infectious mouse brain suspension of the 
FI, B and C strains of virus, respectively. 
Ten percent normal rabbit serum in saline 
was used as diluent. Four days later the 
animals in all 3 groups showed nervous 
symiptoms but relatively little paralysis. The 
brains were removed aseptically from all 
mice of each group and antigens were pre- 
pared by' lyophilization followed by' benzene 
extraction, as previously reported by De- 
Boer and Cox.^^’i- Prior to processing, each 
lot of infected mouse brain suspension was 
tested for infectivity by intracerebral inocu- 
lation in 21-2S-day'-old Swiss albino mice. 
LD;o titers ranging from Kh® to approximate- 
ly' 10‘~ were obtained. 

Immune serum. The FI strain was used 
for the production of all immune serum bv 
hy'perimmunizing mice. Swiss albino mice, 
approximately 2 months old, were injected 
intraperitoneally with 0.5 ml of a 1:50 dilu- 
tion of infected mouse brain suspension in 
distilled water. Thereafter, the mice were 
reinjected at weekly intervals with 0.5 ml 
of a 10% brain suspension until tests con- 
ducted with serum obtained from trial bleed- 
ings indicated that a satisfactory antibodv 
titer was secured. A total of 10 injections 
was given before the mice were exsanguinated 
and their sera used for the tests reported 
herein. In addition several serum samples 
from dinirally diagnosed human cases of 
Colorado tick fever which occurred in Col- 
orado, obtained through the courtesv of Drs 
Lloyd Florio and H. L. .Alorencv,! were sub- 
jected to the tests. 

_ Complcmcnt-jixation Tests. Complement- 
fLxation tests were carried out identically to 
those reported previously Antigens were 
titrated for antigenic activity in the presence 
of various dilutions of homologous immune 
sera. The dilution of antigen giving the 
highest titer for the immune serum was used 

^ Henlth Officer, Bouldor, Colo. 
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complement with lymphogranuloma venereum 
antigen and with psittacosis antigen. 

The significance of finding evidence of 
ornithosis in sea-shore birds serves to add to 
the spectrum of information regarding the 
distribution of this disease in nature. While 
it may not be a great hazard to the human 
population, since these sea-shore birds are 
not generally confined in close ussocistion 
with man, nevertheless, this disease appears 
to exist in a multitude of avian species. Un- 
der proper circumstances these infected birds 


might contribute directly, or through other 
birds, to the morbidity rate of human 
ornithosis. : 

Summary. Serological ev'idence of ornitho- 
sis-like infections among several species of 
sea-shore birds is presented. Over 40^ oi 
the serums of sea gulls, willets, and skimmers 
which were e.vamined showed coniplement- 
fi.ving antibodies for ornithosis. One strain 
of an ornithosis-like agent has been isolated 
from the willcl species. 
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In the past Colorado lick fever'- was be- 
lieved to be a mild form of Rocky Alountain 
spotted fever.'’’ However, largely due to the 
■work of Fiorio and his colleagues,'-'’ it is now 


I’'- Oylonalo IM .. 1030, 37, 30.^8,. 
eTooiney, X.. .-I""- ^ 

O., and Mngrage, E. H., 

J. j-:.vp. Atf 


known that Colorado tick fever is not a 
rickettsial infection but a viral disease," pre- 
sumably tick-borne,’' u’hich apparently is 
quite distinct from Rocky jMountain spotted 
fever'-"'' and dengue {ever®'® although re- 
sembling the latter both clinically and 
hematologically. 


Topping, N- Cullyford. J, S., .and Davis, 
S Pi/hl. Urallh Pep., 1010, 55, SCSI. 

Sl.affcr, F. C., Colorado McL, 1035, 32, 226. 
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In previous communications submitted 
from this laboratory^®'^- a method vras de- 
scribed for preparing specific diagnostic anti- 
gens for certain rickettsial and neurotropic 
viral diseases. The adaptation by Koprow- 
ski and of Colorado tick fever virus 

to the brain tissue of the laboratorj' mouse 
provided means of obtaining large amounts 
of infectious material for the preparation of 
complement-fixing antigen. The present 
work deals with the application of the above 
cited method in the preparation of comple- 
ment-fixing antigen for the diagnosis of Col- 
orado tick fever. 

Materials and Methods. Virus Strains. 
Three strains of Colorado tick fever virus — 
the Florio (FI), the Baker (B), and the Con- 
don (C) — originally obtained from Dr. Lloyd 
Florio,*’^ and adapted to the mouse brain 
in this laboratory were used for the prep- 
aration of the complement-fixing antigen. 
The FI strain had undergone 30 hamster^ 
and 35 mouse brain passages.*® The E 
strain had been carried through 5 hamster'* 
and 10 mouse brain passages,** white the C 
strain was adapted directly from the serum 
of a naturally infected human case to the 
brain of the dilute brown agouti (dba) 
mouse,** following which it was carried 
through 10 brain- to-brain passages in Swiss 
albino mice. 

Stable virus preparations were readily ob- 
tained by preparing 5 or 10% infected brain 
suspensions in a 50-50 mixture of normal 

9 Polltvrd, M., Livesav, H. R., Wilson, D. J., and 
Woodland, J. C., Proc. Soc. Exp. Biol. .\xd Med., 
1940, Cl, 396. 

10 Wolfe, D. M., Van dcr Scheer, J., Clancy, 
C. F., and Cox. H. R., J. Bac(., 1946, 51, 24T. 

11 De Boer, C. J., and Cox, H. E., J. Bad., 1940, 
51, 613. 

19 De Boer, C. J., and Cox, H. E., J. Immunol., 
1947, 55, 193. 

13 Koyrowsla, H., and Cox, H. R., Pr.oc. Soc. 
Exp. Biol, .xxd Med., 1946, 62, 320. 

11 Koprovrski, II., and Cox, H. R., in manuscript. 
Presented tefore the .Vinorican Society of Tropical 
Medicine, Mi.ami, Florida, Xovcnibcr 5, 1940. 

* Professor of Preventive Medicine and Public 
Hcaltli, Scliool of Alcdicino and Ilospit.als, Eniver- 
sity of Colorado, Denver, Colo. 


rabbit serum-saline (pH 7.4) and storing in 
the dry' ice chest. 

Antigens. Three groups of 300, 21-day- 
old Swiss albino mice were injected intra- 
cerebrally with 0.03 ml of a 1;50 dilution 
of infectious mouse brain suspension of the 
FI, B and C strains of virus, respectively’. 
Ten percent normal rabbit serum in saline 
was used as diluent. Four day’s later the 
animals in all 3 groups showed nervous 
symptoms but relatively little paralysis. The 
brains were removed aseptically from all 
mice of each group and antigens were pre- 
pared by lyophilization followed by’ benzene 
extraction, as previously’ reported by De- 
Boer and Cox.**'*- Prior to processing, each 
lot of infected mouse brain suspension was 
tested for infectivity’ by’ intracerebral inocu- 
lation in 21-2S-day’-old Swiss albino mice. 
LD30 titers ranging from ICk® to approximate- 
ly’ ICC" were obtained. 

Immune scrum. The FI strain was used 
for the production of all immune serum by’ 
hyperimmunizing mice. Swiss albino mice, 
approximately 2 months old, were injected 
intraperitoneally with 0.5 ml of a 1:50 dilu- 
tion of infected mouse brain suspension in 
distilled water. Thereafter, the mice were 
reinjected at weekly intervals with 0.5 ml 
of a 10% brain suspension until tests con- 
ducted with serum obtained from trial bleed- 
ings indicated that a satisfactory antibody’ 
titer was secured. .4 total of 10 injections 
was given before the mice were exsanguinated 
and their sera used for the tests reported 
herein. In addition several serum samples 
from clinically’ diagnosed human cases of 
Colorado tick fever which occurred in Col- 
orado, obtained through the courtesy of Drs. 
Lloyd Florio and H. L. iMorency,^ were sub- 
jected to the tests. 

Compicmcnt-jixaliou Tests. Complement- 
fixation tests were carried out identically to 
those reported previously.*- Antigens were 
titrated for antigenic activity in the presence 
of various dilutions of homologous immune 
sera. The dilution of antigen givim’ the 
highest titer for the immune serum was used 

1 City Ilc.nlth Officer, Boulder, Colo. ~ 
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complement with lymphogranuloma venereum might contribute directly, or through other 
antigen and with psittacosis antigen. birds, to the morbidity rate of human 

The significance of finding evidence of ornithosis. : 

ornithosis in sea-shore birds serves to add to Sim wary. Serological evidence of ormtho- 

the spectrum of information regarding the sis-like infections among several ^ 

distribution of this disease in nature. While sea-shore birds is presented. Over 40<7o ot 
it mav not be a great hazard to the human the serums of sea gulls, willets, and skimmers 
population, since these sea-shore birds are which were e.samined shorved complement- 
noi "cnerailv confined in close association fixing antibodies for ornithosis. One s rain 
with man, nevertheless, this disease appears of an ornithosis-like agent has been isolatecl 
to exist in a multitude of avian species. Un- from the willct species, 
der proper circumstances these infected birds 
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In the past Colorado tick fever* ' was be- 
lieved to be a mild form of Rocky -Mountain 
spotted fever.“ However, largely due to the 
work of Florio and bis colleagues,*-’ it is now 
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known that Colorado tick fever is not a 
rickettsial infection but a v'iral disease,’’ pre- 
suniablv tick-borne, « which apparently is 
quite distinct from Rocky Mountain spotted 
fever*'-'* and dengue feverS'9 although re- 
sembling the latter both clinically and 
hematologically. 
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in subsequent complement-fixation tests. .-M- 
Ihouprh this may require more frequent re- 
checking of the titer of an antigen, it is of 
value in obtaining the optimal titers of un- 
known sera. Complement was always titrat- 
ed in the presence of antigen thus diluted, 
increasing the amount of 3. -30 dilution of 
complement by 0.025 ml instead of 0.05 mi, 
thereby obtaining a more precise and sensi- 
tive test. 

A ailralization Test, Equal volumes of un- 
diluted test serum and aliquots of serial 10- 
fold dilutions of mouse brain suspension in- 
fected with either FI or C strains of Col- 
orado tick fever virus were mixed, incubated 
in a water bath at 37 'C for 2 hours, and 
inoculated into 21-28-day-old Swiss albino 
mice by the intracerebral route. Normal 
human serum was used as control. 

Experiment at. Titration of Colorado Tick 
Fever Antigens. Table I shows the results 
obtained when the antigens prepared from 
FI, B and C strains were titrated in the pres- 
ence of an immune mouse serum prepared 
with FI strain. It is apparent that all 3 
antigens gave appro.vimately the same de- 
gree of fi.vation of compiement with the FI 
serum. 

In numerous additional tests it was deter- 
mined that the benzene extracted antigens 
prepared from each of the 3 strains of Col- 
orado tick fever virus consistently gave nega- 
tive results in the presence of highly' posi- 
tive Wassermann human sera. These results 
thus confirm and extend the observ'ations 
previously reported b.v DeBoer and Cox”'^" 
in that benzene-e.xtracted antigens are high- 
ly' specific and do not give false positive 
reactions in the presence of markedly posi- 
tive syphilitic sera. 

Cross-fixation Tests with Colorado Tick 
Fever Immune Sennn and Heterologous 
Antigens. To check the antigenic identity of 
the virus, Colorado tick fever immune mouse 
serum was tested against a number of viral 
and rickettsial antigens by the complement- 
fixation reaction. The Eastern (EEE) and 
Western (WEE) equine encephalomyelitis 
antigens were derived from infected chick 
embryos: the murine (endemic) typhus. 




C'()niiliii(' from (lay wlicn (li.'ignosi.s of Coloriulo tick fever was innilo. 
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Rocky I\Iountain spotted fever (R;MSF) and 
American Q fever antigens were prepared 
from infected yolk sacs; while the St. Louis 
and Japanese B encephalitis and rabies 
antigens originated from infected mouse 
brains.l The antigens fi.xed complement in 
the presence of their homologous antisera in 
the following dilutions: EEE 1:64; WEE 
1:64; murine tj-phus 1:128; RMSF 1:16; 
American Q 1:1024: St. Louis 1:64; Jap- 
anese B 1:64, and rabies 1:128. 

The results obtained in testing the above 
antigens in the presence of a Colorado tick 
fever immune mouse serum are shown in 
Table II. Xo fi.valion of complement was 
obtained with any of the heterologous anti- 
gens, although all 3 Colorado tick fever 
antigens showed good fi.vation titers. 

Complcwcnt-jixation Tests xeith Conval- 
escent Sera. Table III summarizes the re- 
sults of complement-fixation tests with Col- 
orado tick fever antigen and human sera ob- 
tained at different intervals after the onset 
of the disease. 

Serum Xo. 1 was taken from a person 
who had suffered a natural infection 33 
months previously. Sera Xo. 2 and No. 3 
were taken Zyi months after e.\perimentally 
induced infections and were stored in the 
frozen state for 42 months. Serum No. 4 
was from the same person as No. 3 but taken 
42 months after the original infection and 
30 months after another injection of virulent 
material. Sera No. 5 and Xo. 6 were from 
persons who had had natural infections 7 
and 34 months prior to bleeding, respective- 
ly. These sera were tested for complement- 
fixing antibodies in the presence of Colorado 
tick fever, Rocky Mountain spotted fever 
and Kolmer Wassermann antigens. 

The results shown in Table III indicate 
that sera No. 1 and No. 4 taken 33 and 42 
months respectively after an attack of the 
disease, demonstrated only traces of comple- 
ment-fixing antibodies in the presence of 
Colorado tick fever antigen. Sera No. 2 and 

cxcejition of Amprica.i 
Q fover, were prepared l).v benzene extraction pro- 
cedures. The American Q fever antigen was an 
ether extracted-washed rickettsial body preparafon. 


No. 3 taken 2J^ months after diagnosis of 
illness, and Xo. 5 and No. 6 taken 7 and 34 
months, respectively', apparently showed sig- 
nificant antibody titers. The specificity of 
the test is again demonstrated by the fact 
that sera Xo. 5 and X*o. 6 showed fixation 
only with Colorado tick fever antigen and 
not with Rocky IMountain spotted fever, nor 
Kolmer Wassermann antigens. In addition, 
it is seen that serum No. 5 fi.xed complement 
equally well in the presence of Colorado tick 
fever antigens FI, B and C. This latter ob- 
serx'alion would seem to indicate that these 
3 strains of Colorado tick fever are very 
similar antigenically, if not identical. 

Comparison oj Contplcment-jixing and 
Neutralizing Antibodies in Human Conval- 
escent Sera. Table IV shows the results ob- 
tained in testing Colorado tick fever con- 
valescent sera for their complement-fixing 
and neutralizing antibody titers. Since the 
serum samples were taken at various inter- 
vals from infected human cases, this test 
furnishes additional information regarding 
the lime of appearance of complement-fi.xing 
or neutralizing antibodies and the length of 
time they persist during the convalescent 
period. 

The results of the neutralization tests were 
in close agreement with those of the comple- 
ment-fixation tests in all cases where the 
sera were not anticomplementary. Sera No. 

2 and No. 3 were anticomplementary' in dilu- 
tion 1:1 and 1:2 to 2-f- and 4-f, respective!}', 
which may account for the relatively' higher 
complement-fixing titers (see Tables III and 
IV). 

There is also close correlation in the re- 
sults obtained with the 2 types of tests per- 
formed on sera of patients Ca, Og, Mo and 
Wi. For instance, the Ca serum, obtained 
2 days after the diagnosis of Colorado tick 
fever, was devoid of all complement-fixing 
or neutralizing power. On the other hand, 
the Og serum taken on the 9th day after 
the disease was diagnosed, showed some com- 
plement-fixing and neutralizing capacity. Mo 
and Wi sera had definite complement-fixing 
power although their neutralizing titers were 
low. It may be added, that the results of 
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Rocky Mountain spotted fever (RMSF) and 
American Q fever antigens were prepared 
from infected yoik sacs; while the St. Louis 
and Japanese B encephalitis and rabies 
antigens originated from infected mouse 
brains.^ The antigens fixed complement in 
the presence of their homologous antisera in 
the following dilutions: FEE 1:64; WEE 
1:64: murine typhus 1:128; RMSF 1:16; 
American Q 1:1024; St. Louis 1:64; Jap- 
anese B 1:64, and rabies 1:128. 

The results obtained in testing the above 
antigens in the presence of a Colorado tick 
fever immune mouse serum arc shown in 
Table II. Xo fi.xation of complement was 
obtained with any of the heterologous anti- 
gens, although all 3 Colorado tick fever 
antigens showed good fi.xation titers. 

Coiiiplcmcvl-fixation Tests with Cottval- 
cscait Sera. Table III summarizes the re- 
sults of complement-fixation tests with Col- 
orado tick fever antigen and human sera ob- 
tained at different intervals after the onset 
of (he disease. 

Serum No. 1 was taken from a person 
who had suffered a natural infection 33 
months previously. Sera Xo. 2 and Xo. 3 
were taken 214 months after experimentally 
induced infections and were stored in the 
frozen state for 42 months. Serum X*o. 4 
was from the same person as No. 3 but taken 
42 months after the original infection and 
30 months after another injection of virulent 
material. Sera No. 5 and X'o. 6 were from 
persons who had had natural infections 7 
and 34 months prior to bleeding, respective- 
ly. These sera were tested for complement- 
fixing antibodies in the presence of Colorado 
tick fever, Rocky Mountain spotted fever 
and Kolmer Wassermann antigens. 

The results shown in Table III indicate 
that sera No. 1 and No. 4 taken 33 and 42 
months respectively after an attack of the 
disease, demonstrated only traces of comple- 
ment-fixing antibodies in the presence of 
Colorado tick fever antigen. Sera No. 2 and 

"itli tlie e.xccption of American 
Q fever, were prepared by benzene extr.action pro- 
eednres The American Q fever antigen was .an 
ether extracted-washed rickettsial body preparation. 


Xo. 3 taken 2J5 months after diagnosis of 
illness, and Xo. 5 and No. 6 taken 7 and 34 
months, respectively, apparently showed sig- 
nificant antibody titers. The specificity of 
the test is again demonstrated by the fact 
that sera X'o. 5 and No. 6 showed fixation 
only with Colorado tick fever antigen and 
not with Rocky ^fountain spotted fever, nor 
Kolmer Wassermann antigens. In addition, 
it is seen that serum No. 5 fixed complement 
equally well in the presence of Colorado tick 
fever antigens FI, B and C. This latter ob- 
servation would seem to indicate that these 
3 strains of Colorado tick fever are very 
similar antigenically, if not identical. 

Comparison oj Complcment-\ixing and 
Ncutralhing Antibodies in Human Conval- 
escent Sera. Table 11' shows the results ob- 
tained in testing Colorado tick fever con- 
valescent sera for their complement-fixing 
and neutralizing antibody titers. Since the 
serum samples were taken at various inter- 
vals from infected human cases, this test 
furnishes additional information regarding 
the time of appearance of complement-fi.ving 
or neutralizing antibodies and the length of 
time they persist during the convalescent 
period. 

The results of the neutralization tests were 
in close agreement with those of the comple- 
ment-fi.vation tests in all cases where the 
sera were not anticomplementary. Sera No. 

2 and No. 3 were anticompleraentary in dilu- 
tion 1:1 and 1:2 to2-f- and 4-f, respective^", 
which may account for the relative]}" higher 
complement-fixing titers (see Tables III and 
IV). 

There is also close correlation in the re- 
sults obtained with the 2 types of tests per- 
formed on sera of patients Ca, Og, Mo and 
Wi. For instance, the Ca serum, obtained 
2 days after the diagnosis of Colorado tick 
fever, was devoid of all complement-fixing 
or neutralizing power. On the other hand, 
the Og serum taken on the 9th day after 
the disease was diagnosed, showed some com- 
plement-fixing and neutralizing capacity. Mo 
and Wi sera had definite complement-fixing 
power although their neutralizing titers w'ere 
low. It may be added, that the results of 
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complement-fixation on the above sera were 
in close agreement regardless of whether the 
FJ, B or C antigens were used in the test. 

The results of the tests with Sn sera are 
perhaps more illustrative than the above 
cited instances. Serum samples were obtained 
from the same individual at various inter- 
vals during and after illness. It maj’ be ob- 
seiA’ed that the Sn serum drawn during the 
second febrile rise was free from complement- 
fixing, as well as neutralizing antibodies. On 
the other hand, serum taken 22 days later 
showed positive complement-fi.xation in 1:8 
dilution but neutralized only 14 LD.-,o doses 
of v'irus in mice. The complement-fi.ving 
antibody titer showed no significant differ- 
ence between the 22nd and 76th days after 
diagnosis, but the neutralizing index of the 
serum increased from 14 to 1,000 during the 
same period, .■\gain, the results of comple- 
ment-fi.xation with the 3 samples of Sn serum 
were the same regardless of whether B or C 
antigens were employed in performing the 
test. 

Summary and Conclusiotts. Specific diag- 
nostic complement-fixing antigens for Col- 
orado tick fever have been prepared from in- 


fected mouse brains. The benzene-extracted 
antigens employed gave no false positive re- 
actions in the presence of highly positive 
human syphilitic sera. Cross fixation tests 
between Colorado tick lever immune serum 
and the heterologous antigens of viral and 
rickettsial origin indicate that Colorado tick 
fever is. a distinct entitj' and the virus is not 
related to any of the other infectious agents 
tested. These results confirm those obtained 
with the mouse neutralization test previously 
reported. ’^44 Close correlation was obtained 
in the complement-fixation and mouse neu- 
tralization tests with human convalescent 
sera. The complement-fixing and neutraliz- 
ing antibodies apparently appear in the blood 
of humans at about the 9th to 14th day after 
diagnosis of illness and may remain dem- 
onstrable as long as 34 months later. 

The complement-fi.xation test, as well as 
the mouse neutralization test, may prove of 
value in epidemiological studies on the in- 
cidence and geographic distribution of Col- 
orado tick fever. Furthermore, if results with 
animal sera parallel those obtained with 
human sera, the tests may be applied to study 
the ecology of Colorado tick fever. 
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Studies on Bacterial Resistance to Streptomycin.^ 


Caroline A. Chandler and E.manuel B, .Schoenbach. f Introduced by P. H. 

Long.) 

From ihc Veparimeni of Preventive Medicine, The Johns Hopl'ins Universify School of 

Medicine, Paltimorc, Md. 


The rapid development of resistance to 
streptomycin by various organisms, both in 
vitro and clinically, has recently been report- 
ed by a number of workers.^-' Miller and 

* These investigations were supportea 'by gr.nnts 
from Abbott Labor.-itorics, Eli Lill.v .'met Conip.nn.v, 
Lederlc hnhnrntorics, Inc., P.uke, Davis and Com- 
pany, .and the Upjohn Company. 

1 Miller, C. P., and Bobnlioff, M., J. 4. M. A., 

194G, ISO, 485. T T r 'Rn.t 

2 Klein, jM., and Kimmelman, L. J., J. Pact., 

1940, 31, 581- 


Bohnhoff* have shown that gonococci and 
meningococci, originally susceptible to 8-40 
units per cc can become resistant to concen- 
trations of streptomycin as high as 75,000 
units per cc within 4 to 6 transfers. Klein 
and Kimmelman-^* found that with the 12 
strains of Shigella studied, resistance was in- 
creased from concentrations of 3-7 units to 

3 Klein, M., and Kimmelman, L. J., J. Pact., 
194G, 52, 471. 

A Alexander, K. K., J > Pediatrics, 1946, 20, 192. 



Bacteriai. Resistance to Streptomycin 


209 


1,000 units of streptomycin per cc, in from 
2 to 11 transfers,, depending on the particular 
strain. Cfinkafiy, Alexander^ reported the 
isolation, from 2 patients, of 2 strains of 
H. which had the capacity to 

thrive in the presence of streptomycin in a 
concentration of 1,000 units per cc. The 
study reported in the present paper was un- 
dertaken to determine; (!) the ease with 
which resistance to streptomycin could be de- 
veloped by various organisms; (2) the degree 
and duration of such resistance; and (3) the 
ability of resistant strains to grow in freshly 
defibrinated blood from a norma! adult as 
compared with that of their parent, suscepti- 
ble strains. 

Materials and Methods. The strain of 
staphylococcus used throughout the tests 
was a Staphylococcus aureus (Merck test 
strain SM) obtained from Sydenham Hos- 
pital.* The strain of //. iuflueuzac, type b, 
was isolated from a patient with influenzal 
meningitis in Sydenham Hospital. The pneu- 
mococcus. strain SVI, was a tj'pe I organism 
originally isolated in 1938 and kept since 
then on artificial media, with frequent pas- 
sage through mice to maintain its virulence, 
until the beginning of the experimental peri- 
od. The beta hemolytic streptococcus used 
was a Group type 14 strain obtained from 
Dr. Rebecca Lancefield in 193S. It was re- 
ceived in lyophilized form and was maintained 
in that state until the beginning of this study. 
Following initial e.Yperiments all cultures 
were transferred at 3- to 4-week intervals 
on suitable culture media not containing 
streptomycin. No attempt was made to 
maintain the original virulence of the strains 
during the e.xperimental period. 

The susceptibility of the strains to strep- 
tomycin was determined by the use of a 
series of tubes of nutrient broth containing 
falling concentrations of streptomycin, rang- 
ing from 123 to 6.25 /tg per cc expressed as 
pure base.! Each tube contained 10^ less 

t Tiiwp stmins from .Srdcnliam Hospital were 
olAaiiicd through the eoiirte.sT of Dr, Horace L. 
Holies .and Miss Helen Xepp, 

t Tlie prcvwratiou of streptomyciu employed liatl 
a potency of 1000 units per miliigram of pure b.ase. 
(Pfizer, lot Xo. -tClS.) 


Streptomycin as measured against the initial 
tube in a regular progression so that the in- 
terval IZS to 6.25 represented IS tubes. Each 
tube was inoculated with 0.03 cc of an IS- 
hour broth culture in such dilution as to 
yield an inoculum of 200,000 to 2 million 
organisms per tube. The tubes were incu- 
bated at 37 °C and readings were made at 
the end of 24 hours. End points by this 
method were so apparent that plating of the 
mixtures of organisms and streptomycin af- 
ter 24 hours incubation w’as not necessary. 
When, toward the end of this study, it be- 
came necessary to enumerate bacterial col- 
onies, streptomycin dilutions in one cc amounts 
were added directly to tubes containing 9 cc 
melted nutrient agar and after thorough mix- 
ing were poured into sterile petri dishes. 
Quantitated inocula of strains to be exam- 
ined were then streaked on the surfaces of 
these plates. The number of micrograms 
of streptomycin in a series of plates varied 
from 10 to 1000 per cubic centimeter. 

After the initial susceptibility of the vari- 
ous test strains to the action of streptomycin 
had been determined, each strain was trans- 
ferred daily to broth tubes containing in- 
creasing concentrations of streptomycin. To 
provide adequate growth factors, 20% rabbit 
serum was added to the broth in which strep- 
tococci and pneumococci were grown, 5% 
Fildes’ peptic digest was added to the broth 
in which the influenza bacilli were grown, 
but infusion broth alone proved adequate for 
the growth of the staphylococci. Control cul- 
tures containing no streptomycin were also 
transferred at daily intervals on all test 
strains. 

The bactericidal power of freshly de- 
fibrinated human blood on all strains, both 
before and after the acquisition of resistance, 
was determined in parallel each time with 
the same blood specimen. Five hundredths 
cc of each lO-fold serial dilution (ICk^ to 
lO '’*) of an 18-hour broth culture was added 
to Q.25 cc of freshly defibrinated human 
blood in each of 6 sterile pyrex tubes. These 
tubes were sealed, placed in a rotating bo.x 
and maintained at 37°C for 24 hours. After 
preliminary obsen^ation, incubation without 
rotation was continued for another 24 hours. 
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aftcr which the tubes were opened and the 
contents cultured on blood agar plates. In 
order to determine the number of organisms 
added to each tube of blood, count plates 
were made of the lO-' and lO" dilutions. 

Results. (1) vv))en tested initially, the 
staphylococcus was inhibited by 8 /ig of 
streptomycin per cc; the 11. injlucnzac by 
1 /^g; the pneumococcus by 37 ^ig; and the 
streptococcus by 25 /ig per cc. After 6 
daily transfers in the presence of streptomy- 
cin, the pneumococcus and the streptococcus 
grew in maximal concentrations of 125 /ig 
per cc. The staphylococcus, originally in- 
hibited by 8 /ig, was able to multiply in 1,000 
/ig per cc after 12 daily transfers. The //. 
injlucnzac, initially inhibited by 1 /tg. grew 
in 60 /ig per cc after 14 daily transfers. Un- 
fortunately, at this time both the parent and 
resistant strains of 11. injlucnzac were lost 
and further studies could not be carried out. 

(2) The susceptibility to streptomycin was 
retested on all strains (parent, parallel con- 
trol and resistant) after they had been trans- 
ferred repeatedly in the absence of strep- 
tomycin for 6 months. It was found that 
the parent and control strains of the strep- 
tococcus, pneumococcus and staphylococcus 
were still inhibited by the same concentra- 
tions of the antibiotic. The resistant strep- 
tococcus, although not in contact with strep- 
tom}’cin for this period, had not onh- main- 
tained its ability to grow in 125 /ig per cc, 
but actually showed an increase in resistance 
in that it could now grow in 500 /xg per cc. 
Growth was inhibited at 1,000 /tg per cc. 
The resistant staphylococcus had also main- 
tained its capacity to grow in 1,000 /tg per 
cc and when tested in even higher concen- 
trations, it was found to grow abundantly in 

5.000 and 10,000 /tg per cc. Moderate 
growth was obserx'ed in the presence of even 

50.000 /tg per cc. This strain was not tested 
at higher concentrations of the drug because 
the supply of streptomycin was still limited. 
Unlike the streptococcus and the staphylo- 
coccus, the resistant pneumococcus did not 
maintain its ability to grow in 125 /xg of 
streptomycin per cc. When retested, it Avas 
found to be inhibited by concentrations great- 


er than 87 /xg per cc. 

.At the time of ree.vamination of these 
strains for their susceptibility or resistance 
to streptomycin one additional set of experi- 
ments Avas initiated. If resistant strains are 
mutants tbroAA-n off by susceptible strains, it 
should theoretically be possible to select them 
much more readily in very young cultures. 
According!}', the susceptible staphylococcus 
Avas grown in broth at 37°C for 1 hour, 2 
hours and 4 hours, after AA'hich a knoAvn 
inoculum of each culture AA'as put into broth 
to which streptoni}'cin had been added in the 
following final concentrations: 0, 10, 25, 75, 
100, 250, 500, 750, 1000 /xg per cc. The 
tubes Avere incubated at 37°C for 24 hours 
and the results Avere then read. .All tests 
AA'ere run in duplicate. 

It AA'as found that Avith an inoculum of 
200 million organisms per tube the one-hour 
culture AA'as able to groAV in a concentration 
up to 25 /xg of streptomycin. The 4-hour 
culture, in an inoculum of II million or- 
ganisms per tube (the culture having been 
diluted to ICk-, because groAvth Avas so heavy 
at 4 hours) greAV out in 10 /xg of streptomycin 
per cc but not at higher concentrations. 
Growth AA'as observed Avith the 2-hour culture 
Avith an inoculum of 400 million bacteria per 
tube at 10, 25, 50, 100, 500, 750 and 1000 /xg 
of streptoniA’cin per cc. Xo growth AA’as ap- 
parent in those tubes containing 75 /xg per 
cc. Thus, at a very early stage of groAVth 
it was possible, by chance selection, to iso- 
late highly resistant mutants. When these 
resistant mutants were subcultured to broth 
containing streptomycin it Avas found further 
that they bred true in that they grew in 
the same concentrations or higher. There- 
fore AA’ith a single transfer, resistance to strep- 
tomycin in a concentration as high as 1,000 
/xg per cc was obtained. 

.An attempt was made to e.xplain this last 
obsenmtion. .A series of agar plates contain- 
ing 0, 10, 25, SO, 75, 100, 250, 500, 750 and 
1,000 /xg of streptomycin Avere inoculated 
Avith 0,1 cc amounts of a ICk^ dilution of 
each of the folIoAving; (1) the original 
staphylococcus Avhich grcAV initially in not 
more than 8 /xg of streptomycin; (2) the one- 
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hour culture vrhich. grew in not more than 
25 (tg: (3) the 2-hour culture which grew 
at 100 fig, and (4) the 2-hour culture which 
was capable of growth in the presence of 500 
fig. After 36 hours incubation at 37°C, 
colonies were observed with the original 
staphylococcus on the plate containing no 
streptomycin, but none were present on those 
plates containing 10 to 1,000 fig. The one- 
hour culture which grew initially in 25 fig 
showed abundant growth on plates contain- 
ing streptomycin up to this level. On each 
of the plates containing 50, 75, 100 and 250 
fig, 2 to 4 colonies grew out, indicating that 
approximately 1% of the inoculated organ- 
isms were resistant to higher concentrations 
of streptomj^cin while 99% were inhibited 
b 3 '' more than 25 fig per cc. The 2-hour 
culture, resistant to 100 /ig in broth, grew 
well on all plates. Colony counts indicated 
that most of the organisms able to grow in 
100 fig could also grow in all 4 higher con- 
centrations. Likewise, with the 2-hour cul- 
ture originally resistant to 500 fig, almost ah 
the organisms were found to grow in concen- 
trations of 500, 750 and 1,000 fig. These 
results are summarized in Table I. 

(3) A comparison of the ability of parent 
and resistant strains to grow in fresh human 
blood as in a bactericidal test was the third 
objective of this studji. During the initial 
period of these experiments, a comparison of 
the abilitj' of parent, parallel control and re- 
sistant strains to grow in normal human blood 
revealed no difference uith the 3 organisms 
tested— the staphidococcus, the pneumococ- 
cus and the streptococcus. As measured bj' 
this method, the virulence or potential in- 
vasiveness of all 3 resistant strains was un- 
changed with respect to the virulence of the 
homologous parent strains. 

When retested 6 months later, it was found 
that the virulence of the parent, control and 
resistant strains of the pneumococcus had di- 
minished markedly and to the same extent. 
All 3 strains, parent, control and resistant, 
of staphj'lococci had, on the other hand, main- 
tained their original virulence. Finalh', in 
the case of the streptococcus, whereas the 
parent and control strains showed marked 
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ciimmutions in virulence, (he resistant strain 
had retained its original virulence. This ob- 
servation was repeated and no evidence of a 
decrease in titre was found. These results 
are summarized in Table If. 

Disntssion. Streptomycin resistance can 
readily be induced in vitro. In these studies, 
the relative case was found to vary with the 
particular organism used. AVith the strep- 
tococcus. pneumococcus, and II. injlucitzac, 
the initial resistance could be enhanced from 
4 to 20 times by serial passage in strepto- 
mycin containing media. The strain of 
staphylococcus, originally completely in- 
hibited by 8 pg was observed to acquire the 
ability to grow in the presence of more than 
50,000 pg of streptomycin. 

.Although repeated serial passage appeared 
necessary to select out the resistant variants, 
further study with the staphylococcus revealed 
that in the early logarithmic stage of growth 
it was possible, by chance selection, to iso- 
late highly resistant mutants in a single 
transfer. 

The proportion of resistant organisms pres- 
ent in an inoculum could be estimated b}' 
seeding streptomycin containing plates. The 
original strain was completely inhibited by 
10 fig. A strain found to be resistant to 
25 pg per cc contained 33% resistant col- 
onies at this drug level as compared with the 
control plate. This same strain contained 
0.2% to 0.4% colonies resistant to 50, 75, 
100 and 250 pg of streptomycin per cc. The 
proportion of colonies resistant to higher con- 
centrations up to 1,000 pg of streptomycin 
was exceedingly high (60 to 100%) when the 


inoculum was derived from strains found re- 
sistant to 100 pg or greater. This distribu- 
tion of resistant colonies was present when 
serial transfer or random selection from young 
cultures was used as the screening procedure. 
Tn the usual methotl for determining strep- 
tomycin resistance, the small number of re- 
sistant organisms present is probably insuf- 
ficient to initiate growth and, therefore, it 
may not contribute to the observed end point. 
The rate at which resistance is apparently 
acquired is a function of the proportion of 
resistant organisms present at each succes- 
sive level. This phenomenon may also e.\‘- 
plain erratic results sometimes noted. The 
growth which appears at a high level of strep- 
tomycin despite the absence of growth at 
lower levels, may be attributed to the random 
selection of resistant variants. 

Repeated transfer by subculture on non- 
streptomycin containing media over a period 
of 6 months did not result in a loss of strep- 
tomycin resistance, with the possible e.xcep- 
tion of one strain, the pneumococcus. 

The bactericidal studies were performed as 
an inde.x of virulence. No loss in potential in- 
vasiveness accompanied the acquisition of 
streptomycin resistance. After serial trans- 
fer of parent, parallel control and resistant 
strains for a period of 6 months, the ability 
of the pneumococci to survive in whole blood 
was greatly diminished while that of the 
staphylococci was unchanged. AVith the sus- 
ceptible parent and parallel control strains 
of streptococci a marked diminution was 
noted, but the resistant streptococcus retained 
its potential invasiveness. 
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The general experience has been that 
strains which become resistant to penicillin 
lose their invasive properties as indicated by 
growth in whole blood.'’ *'’ Strains which have 
developed resistance to sulfonamides, how- 
ever, retain this capacity unchanged." From 
the present observations it appears that, like 
the latter, organisms resistant to strepto- 
mycin may also retain their virulence. In 
addition, such strains may presen'C the abili- 
ty to maintain their invasiveness upon pro- 
longed artificial cultivation to a greater e.v- 
tent than the parent, nonresistant culture. 
The clinical implications of these observa- 
tions that invasiveness may be maintained 
and retained are evident. The development 
of streptomycin resistance should be reduced 
to a minimum through the use of a dosage 

.-.Spink, tv. tv., Ferris, T., .ind Tivino, J. J., 
rr.oc. Soc. Exr. Biol, .cxd iten., 1944, 55, 210. 

0 Rilke, G., McKee. C. M., H.^nlbre, D. M., and 
Houck, C. L., J. Immtniot.. 1944, 48, 271. 

T Chandler, C. A., and .Tnneway, C. A., Fp.oc. Soc. 
Exr. Biol, .rxn Med., 1.93.0, 40, 1T9. 


schedule which will ensure early, adequate 
blood levels. In the light of these studies, 
an adequate level must be defined in terms 
of the specific susceptibility of the organism 
plus its potential abiliti’ to acquire resistance. 
The level of tolerance to streptoni.vcin as 
well as the rate at which this tolerance is ac- 
quired are important factors and a large 
margin of safety is necessary. 

Summary. 1. Resistance to streptomycin 
can be induced by repeated transfer of vari- 
ous organisms in streptomycin containing 
media. 2. In the early logarithmic stage of 
growth, highly resistant mutants can be iso- 
lated, by chance selection, in a single trans- 
fer. 3. In most instances, acquired resist- 
ance to streptomycin is maintained. 4. Or- 
ganisms resistant to streptomycin may retain 
their original virulence as measured by the 
bactericidal test. 5. The acquisition of re- 
sistance to streptomycin with the maintenance 
of virulence may have certain therapeutic im- 
plications. 
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Effect of Atabrine on Auricular Eibrillation in the Dog. 

AI. :M. Gertler and Dorothy Karp. (Introduced by B. P. Babkin.) 
From the Department of Fhysiotogp, DtcGill Unirersity, Montreat, Canada. 


At present there are no available data con- 
cerning the action of atabrine on cardiac 
muscle. However, the analogous physiolog- 
ical effects of quinine and atabrine in dimin- 
ishing the contractibility and increasing the 
refractory period of striated and smooth mus- 
culature,* lead to a reasonable assumption 
that atabrine will produce similar actions to 
those of quinine on cardiac muscle. 

Quinine and especially its more powerful 
isomer, quinidine, have been used for many 
years as a routine practice in the treatment 
of auricular fibrillation presumably because 
of their ability to prolong the refractory 

1 Keogh, P., and Shaw, F* H., 
iro'/i. and Jred. Sc{., 1944, 139. 


period in cardiac muscle and its nodal tis- 
sues as well as to decrease myocardial ex- 
citability.' Since recent evidence has been 
advanced*.^ which clearly indicates that ata- 
brine possesses more potent physiological 
and pharmacological properties when com- 
pared with quinine, it seemed most interest- 
ing to see whether atabrine would also con- 
trol auricular fibrillation. Experiments in 
the dog were, therefore, devised to test the 
validity of this concept. 

3/cf/iods. Five dogs were anesthetized 

SEewis, T., Drury, A. K., Ilipscii, C. C,, und 
Wedd, A. il., Dcart, 1921-23, f). 207. 

a Gertler. M. M,, .'ind Karp, D., Fcriie Can. de 
in press. 
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Fjc. 1. 

A, Restoration of normal sinus rhj-tlim to auricular fibrillation 3 min. 24 see. after intra- 
venous injection of atabriue rvas started (Exp. 1). ‘ 

B. Induction of auricular fibrillation approximately 2 liours after injection of atabrine. 


with nembutal (25 mg per kg). .-Vuricular 
fibrillation was produced according to the 
method of Hoff and Xahum.’ Application 
of mechoM (0.2% solution in normal saline) 
over the sino-auricular node, followed by 
stimulation of any region on the right auricle 
with a weak faradic current consistently pro- 
voked auricular fibrillation. .Auricular fibril- 
lation produced in this manner persists for 
at least 10 to IS minutes and often longer. 
Attempts to reproduce auricular fibrillation 
were made immediately after its restoration 
to normal sinus rhythm by atabrine. One 
animal received 1.0 mg of eserine (phyE 0 .s- 
tigmine sulphate) intravenously before such 
an attempt was made. 

A Sanborn cardiette was employed for 

4 Hoff, H. E., and Xaimm, L. II., Jm. J. 
Fhysiol., 1940, 129, 42S. 


electrocardiographic recordings. Lead II 
was used throughout the experiments with 
the animals placed in the dorsal recumbent 
position. 

Atabrine dihydrochloride (Winthrop Chem- 
ical Co.), a 0.5% solution in normal saline, 
was always freshly prepared for these ex- 
periments. 

Electrocardiographic and blood pressure 
records were taken immediately prior to and 
during auricular fibrillation. These records 
were continued during the infusion of ata- 
brine and continued thereafter until the 
heart returned to its normal rhythm. 

Experimental Results. The restoration of 
regular sinus rhythm to auricular fibrillation 
occurred rapidly in all the S animals follow- 
ing the intravenous infusion of atabrine 
(Table I). The gradual recovery to normal 
rhythm in E.xperiment 1 can be seen in the 
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TABLE I. 


Exj.. Xo. 

tvt of 
‘log (kg) 

Total amt of 
ataUrine (mg) 

3Ig/kg 

1 

15 

30.fi 

2.0 

%> 

•Hi 

37.5 

1.44 

n 

13.fi 

10.0 ' 

2.94 

4 

12..5 

.33.5 

2.6.5 

5 

8 

2Z.5 

2.S1 

1 


kymographic and electrocardiographic rec- 
ords (Fig. 1, 2 and 3). 

Several phenomena were observed in the 
ventricles. During the early period of ata- 
brine injection the ventricles contracted with 
great irregularity which disappeared as the 
concentration of atabrine in the circulating 
blood was increased by virtue of the con- 
tinuous infusion. As the infusion of atabrine 
was continued, the usual accompanying varia- 
tions in the amplitude of the R wave became 
less pronounced despite the persistent auricu- 
lar fibrillation (Fig. 2 and 3). It was also 
observed that intracardiac injection of ata- 
brine failed to restore the fihrillating ventricle 
in 2 of the experiments. 

The effect of atabrine was long-lasting. 
Attempts to reproduce auricular fibrillation 
after its arrest by atabrine were unsuccess- 
ful for approximately 2 hours in 2 experi- 
ments. In the remaining 3 experiments where 
auricular fibrillation was reproduced success- 
fully. it was necessarj’ to combine the appli- 
cation of mecholyl pledgets in the region of 
the S-A node with faradic stimulation of the 
right auricle for at least 30 seconds. The 
auricular fibrillation produced b\' this meth- 
od was transient, rarely exceeding more than 
20 seconds. 

Discussion. Experimental evidence for an- 
other possible clinical application of atabrine 
has been brought out in the study of atabrine 
on the dog heart. The need for a drug in 
the treatment of auricular fibrillation which 
is as effectir-e as digitalis or quinidine and 
which is not as toxic is obvious. It is note- 
worthy that atabrine, a drug which is ef- 
ficacious in malaria therapy and which has 
proven itself to be virtually harmless by its 
long clinical record, should also control 
auricular fibrillation. .After a survey of the 
literature, the only reference to atabrine and 
auricular fibrillation found was that made bv 


Ganguli.^ While studying the effects of ata- 
brine on the . electrocardiogram,., in. patients 
with malaria, he included one case which 
suffered from auricular fibrillation con- 
comitant with malaria. The final electro- 
cardiographic record did not reveal auricular 
fibrillation, but whether this may be at- 
tributed to atabrine or to the conventional 
forms of therapy cannot be stated with cer- 
tainty from his article. 

Obviously, any drug which reconverts 
auricular fibrillation into normal sinus rhythm 
must of necessity increase the refractory 
period of the “circus movements” in the 
auricular muscle and diminish the rate of 
conduction in these circuits.^ No attempt 
was made in these experiments to analyze 
the mechanism by which atabrine restored 
regular sinus rhythm to auricular fibrilla- 
tion. The auricular fibrillation produced in 
these experiments was of the vagal tjpe. tvz. 
increased vagal tone plus superimposed 
auricular excitation. It would be reasonable, 
therefore, to explain the action of atabrine 
in restoring regular sinus rhythm to this type 
of auricular fibrillation on the basis that 
atabrine paralyzes the vagal inhibitory fibers 
to the dog heart.® However, this explanation 
is not entirely adequate, for it is known that 
atabrine possesses such properties as decreas- 
ing the e.vcitability of e.xcised auricular tis- 
sue,® perfused hearts* and increasing the re- 
fractory period in skeletal muscle.® 

In order to test the validity of whether the 
beneficial effect of atabrine in auricular fibril- 
lation was mere!}’ due to its antivagal action, 
it was decided to inject eserine into an ani- 
mal immediately after atabrine had restored 
regular sinus rhythm to the experimentally 
produced auricular fibrillation and observe 
whether it was possible to reproduce the 
fibrillation. It was found that auricular 
fibrillation could be produced with great dif- 
ficulty and persisted for only 10 seconds. 
Furthermore, an exclusive antivagal effect is 

.s Ganguli. P., Jrrh. f. Schiffs^-xi-Trop. Hj/.n., 

1 . 033 , 37 . 42 , 3 . 

<• Suffolk anti Bcrksliirv, Earl of. Quart. ,7. T.rp. 

1939, 2U. L 

rC’Iiin. K., .tapav .f. ilr(t. .Sri., ]V, PJiiirm., 19.37, 
to. 1C2P. 
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Tia. 3. . . ^ ~ - 

Electrocardiogram. Le.ad II. Continuation of Pig. 2. G~5 mg atabnne injected. 7^ mg 
atabrine iniectccl. 8 — 5 mg at.abrine injected. 9 — 7.5 mg atabnne injected. 10 Return to 
normal riiytbm after total injection of 37.5 mg. Heart rate 107 at 10:40 ci.m. See Pig. lA. 



KITitI Ilf I‘iMiiciIlin nil llic l»iiiiliii-l inii nf llnii»)l.v.siiia, Letlial l^'!ll^^^l|■ ■■mil l)i-iiiiiim'nnlnxiii liy SI;i|ilivlnrniM‘i. 

IMeiliiiiii 




21S 


Effect of Penicillin on Staphylococci 


opposed by the fact that it was, impossible 
to reproduce auricular fibrillation in 2 ex- 
periments for a long period after its reconver- 
sion into normal sinus rhythm by atabrine 
despite the presence of a normal electro- 
cardiogram. 

^Vhile there is no e.xperimental proof as 
yet, it is reasonable to assume from the evi- 
dence submitted that the mechanism of the 
action of atabrine on auricular fibrillation is 
similar to that of quinine and quinidine. 

Summary. 1. Experimentally produced 
auricular fibrillation in the dog was success- 


fully restored to normal sinus rhythm by 
the intravenous infusion of atabrine (aver- 
age 2.17 mg per kg). 2. The mechanism by 
which atabrine might produce this effect is 
discussed. It is suggested that its action is 
similar to that of quinine or quinidine. 

The ;iiifl](ir.s arc iiidcbfod to Hr. B. P, Babkin for 
tins problem .amt for liis advice and 
iiiifailiiiK inicrc.st. To Hr. II. E. Hoff tlic autliors 
arc "ratcfiil for liis valuable advice and criticism. 

'i’lii.s work wa.s .supported by a grant to one of 
ns (1). K.) from tbe Banting Rcscarcli Foundation. 
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Effect of Penicillin on Growth and To.vin Production of Enterotoxigenic 

Staphylococci.*' 

iMiLTON Segalove AND K. Eileen Hite. (Introduced by G. M. Dack.) 

/•’rom the ncpnrtmcnt of lioeterMof/i/ and ParaMtotopyj. the University of Chicago. 


Little is known of the effect of penicillin 
on formation or activity of bacterial toxins. 
Ercoli. Lewis and Moench' demonstrated in 
vitro neutralization of diphtheria to.xin-anti- 
toxin mixtures: Boor and Miller-'^ obtained 
protection in vivo against meningococcal and 
gonococcal endotoxin and Mason^ demon- 
strated inhibition of plasma coagulation by 
enterotoxigenic staphylococci. Xeter’’ failed 
to obtain neutralization of tetanus toxin and 
Blair, Carr and Buchman® found no inhibi- 
tion of plasma coagulation and formation of 
hemolysin by staphylococci. 

The present paper reports e.xperiments on 

* This work w.-rs suiiportcd in part by a grant 
from tlic National Cauaors As.sovi.ation. 

1 Ercoli, N., Lewis, M, N., and jrflcuvli, L. .1., 

J. Pharm. and Pry. Thcrag., 84, 12(1. 

2 Boor, A. K., and Miller, C. P., .Science, 1045, 
103, 427. 

3 Miller, C. P., and Boor, A. K., I'uor. .>^ 0 ; . E ;r. 
Biol, axd ilEo., 194(j, Cl, is. 

4 Mason, II. C., J. Immunol., Virus Pcs. and Exg. 
Chc7noihcr,, 1045, .jI, .307. 

5 Ncter, B., Ois., 1045, 76, 2U. 

c Blair, J. E., Carr, -M., and Buebman, J., J. Im- 
munol, Virus Pcs. and Exp. Chnnolher., 1045. 
03, 2S1. 


the effect of penicillin on formation of 
staphylococcal enterotoxin, hemolysins, lethal 
factor and dermonecrotoxin. 

Tested by the tube dilution method,' the 
natural resistance of 15 enterotoxigenic 
strains of staphylococci was found to range 
from 0.05 units/ml to 500 units /ml of peni- 
cillin. Three enteroto.vigenic (No. 147, 161, 
196) and one nonenterotoxigenic (No. 43) 
strains used in the following e.vperinients 
were naturallj' resistant to 500, 30, 100 and 
0.1 units/ml of penicillin respectively. The 
resistance of strains 161 and 43 was further 
increased to 2000 and 10 units/ml respective- 
ly by growth in increasing penicillin con- 
centrations. .“Ml strains were alpha hemolytic 
and strain 196 produced potent beta lysin. 

Toxin production in the presence and ab- 
sence of penicillin was tested in semisolid 
(0.7%) veal infusion agar and in liquid and 
semisolid media containing 1% .'\migen,l 
0.25% glucose, 1.2 ^tg/ml nicotinic acid, 0.05 

7 Kolnui-. J. A., Pcnirdlin Therapy, u. .qiplvtoii- 
Cviitury Co., Iiu'.. New York, N.Y., 1945 

f Piim-rcatie Iiydrolys.'itc of c.iseiii free of vita- 
mins .and i-urljoliydrule. Product of Mead, Jolmson 
nnd Co. 
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thermal requirements, responses, and availa- 
bilitjL 

Although it is stated in the literature* that 
reptiles do not respond to tetanus toxin, ex- 
perience in the field and laborator\^ suggested 
that there was great possibilit}’ of error in 
the previous experiment due to lack of ap- 
preciation of the vital necessity of maintain- 
ing optimum thermal condition. In most e.x- 
perimental work with reptiles, the full im- 
portance of the temperature factor has not 
been recognized. 

In the pilot e.xperiment, because reptiles 
had been reported as not susceptible to 
tetanus toxin, the arbitrary enormous dose 
of 20,000 guinea pig M.L.D.’s (minimal 
lethal dose) was employed in testing a lizard 
weighing 65 g. It was planned that, in case 
the symptoms of tetanus did not appear 
within a few days' time, the animals were 
to be exposed to optimum temperatures of 
34°C to 40°C in the hope that during the 
approach towards or into this normal tem- 
perature range, the onset of sjTnptoms might 
reveal a critical threshold at which neural 
and muscular effects might develop and be- 
low which partial cold narcosis might pre- 
vent their appearance. 

Contrary to expectation, the original and 
all subsequent experiments demonstrated the 
fact that these animals, when held at tem- 
peratures ranging from lO'C through to the 
optimum of 38°C, are by no means immune 
to the effects of tetanus toxin although at 
all low temperatures there is a marked re- 
tardation in the appearance of symptoms. 

Exp. I. Three specimens of Dipsosaurus 
dorsalis dorsalis were given the following 
doses: 20.000 guinea pig 3I.L.D.'s in one 
instance, for the other 2, 10,000 guinea pig 
M.L.D.’s each. The to.xin was injected in- 
tramuscularly in the femoral regions in these 
and all subsequent e.xperiments. The ani- 
mals were then maintained at temperatures 
of 24 'C to 26 'C until the onset of s\'mptoms. 
In all instances first symptoms appeared as 
slight tremors in the head and tail regions. 
These tremors appeared first in the individual 
receiving 20,000 guinea pig M.L.D.’s. The 

1 >rctctinikotr. E.. .Inn. Faat.. 1.S07, Jl, .cnj_ 


first perceptible tremors occurred 36j4 hours 
after inoculation. Two hours after onset of 
primarj' sj'mptoms, action of the hind legs 
was impaired and the tail was arched strong- 
ly in a lateral position. 

This specimen which had received 20,000 
guinea pig il.L.D.'s was heated to 32 °C at 
which time opisthotonic contractions arched 
the tail and back to a dorsolateral position. 
Sound or sudden movements taking place in 
close proximity to the animal caused con- 
vulsions, although fairly periodic spasms were 
observ'ed even without extra stimulation. 
Three hours after the appearance of s\-mp- 
toms this individual was placed in an incuba- 
tor refrigerator at a temperature of 10’' C- 
1 1 ’C and was maintained under these condi- 
tions until death occurred 212 hours later. 

The remaining 2 subjects which had been 
given 10,000 guinea pig M.L.D.'s. only half 
the dosage administered to the first lizard, 
showed these initial tremors 40 hours after 
injection. One of these was immediately 
placed in a temperature of 10°C-11'C while 
the other was maintained at room tempera- 
ture. At room temperature (27°C-2S“C) 
death took place between 72 and 80 hours 
after inoculation. Prior to death, violent 
symptoms of tetanic convulsions and opistho- 
tonic contraction threw the animal into a 
strong sigmoid cutx’e with the head inclined 
upward at a sharp angle. This posture is 
retained with only slight rela.xation even after 
death. (Fig. 2). 



HOURS 

Fig. 1. 

Daration of life in desert iguana, injected with 
tetanus toxin, with respect to maintenance tempera- 
ture. 
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/ig/ml thiamine HCl, 1.0 /tg/ml calcium 
pantothenate and inorganic salts.® All media 
were adjusted to pH 7.6. Cultures were in- 
cubated at 37°C for 3 days. Strains I6I R, 
147 N, 196 N and 43 R were grown in 1000, 
200, 50 and 5 units/ml of penicillin respec- 
tively. Toxins were produced and assays of 
enterotoxin and hemolysin were carried out 
by previously described methods.*''^’ Lethal 
factor was detected by* the intravenous in- 
jection of mice; dermonecrotoxin by intra- 
cutaneous injection of rabbits with 0.1 ml of 
a 1:20 dilution of toxin in saline. 

Counts of viable bacteria revealed no dif- 
ference in the amount of growth in media 
containing penicillin compared to the same 
media without penicillin. 

Positive tests for entcrotoxiiv’-’" were ob- 
tained in monkeys or cats with centrifugates 

s Surjinll!!. yr. .T., and Ititc, IC. 11.. Pnoc. Soc. 
Kxr. Ihoi.. .\xi> Med.. I!i4(!, lit. :.M4. 

DDavisiin, K.. Iliiok. G. M., and C.aiy. W. II.. 
./. hifd-f. «>. -JUt. 

ni Diud;, (!. M., IukkI I'liixnninn, Unhvrsity of 
fTiicaRd I’lt'Ns, I'M.'!. 

II M. .7., and Ilitc, K. II.. ./. lufrrl. 

Jfis., llMd. 70. 7S. 


of enterotoxic cultures grown in all of the 
above media with and without penicillin. 

Results of assays for hemolysins, lethal 
factor and dermonecrotoxin are summarized in 
Table I. The potency of the hemolysins, 
lethal factor and dermonecrotoxin produced 
by strains naturally' or artificially resistant 
to penicillin is-as markedly reduced in cul- 
tures grown in .Amigen liquid containing peni- 
cillin. However, in semisolid .Amigen and 
veal infusion agar cultures, questionable ef- 
fect of penicillin was noted. Penicillin in 
the same concentration failed to neutralize 
preformed hemolysins, lethal factor and 
dermonecrotoxin. 

Smitvwry. The natural resistance of 15 
enterotoxic strains of staphylococci to peni- 
cillin was found to range from 0.05 to 500 
units per ml. Production of staphylococcal 
hemolysins, lethal factor and dermonecrotox- 
in, but not of enterotoxin, was inhibited by 
growing selected naturally and artificially 
resistant strains in .Amigen liquid medium 
containing sublethal concentrations of peni- 
cillin. Inhibition was not obsen'ed in similar 
e.xperiments using semisolid .Amigen and veal 
infusion media. 


15750 

Studies on Thermal Sedation in Suppression of the Symptoms of Tetanus 

To.xin 

R. B. Cowles and Norman B. Nelson. (Introduced by .A. J. Salle.) 

J'l-nm the Deimrtmcnts of Ziwlofiu, Piihlic Health aiuJ Prevciitirc Unirci'tiil;/ of Cali- 

fornia, Los Anffcics. 


The following experiments on the physi- 
ological effects of temperature suggest that 
cold narcosis, as seen in reptiles and some 
warm-blooded vertebrates, will modify the 
development of symptoms resulting from 
tetanus toxin. It is possible that cold narco- 
sis might be used as a method of sedation 
and as an adjunct to therapy in such dis- 
eases as rabies and tetanus. 

Because of the tvide range in temperature 
tolerance e.xhibited by the diurnal reptiles 


and because of their similarity to the mam- 
mals with respect to optimum temperature, 
which in many lizards range from 36 °C to 
41 °C, and because of their thermal simplici- 
ty and the greater facility ivith which these 
animals can be utilized in temperature ex- 
periments, it was agreed that any common 
diurnal species of reptiles W'ould be suitable 
for e.xperimentation, and the northern crested 
lizard Dipsosaums dorsalis dorsalis was se- 
lected as being most convenient as to size. 



Cold Retardation of Tetanus Symptoms 


225 


relation of violence of reaction with tempera- 
ture change is in harmony with the antici- 
pated results and is also in accord with the 
generally known effect of temperature changes 
with respect to metabolic rates in general. 

Exp. II. The extreme sensitivity of these 
reptiles to tetanus toxin suggested that a sec- 
ond series of lizards be tested with lighter 
dosages in order that some approximation to 
their iM.L.D.'s might be obtained prior to 
any additional expenditure of living material. 
For this reason, similar treatment was utilized 
but dosages of 100, 800 and 4,000 guinea 
pig Jkli.D.’s were administered to the ani- 
mals. 

Following inoculation, the lizards were first 
maintained at 26-2S°C; that is, 10° below 
their optimum. Thus they were held under 
conditions which seemingly would retard 
slightly the onset of symptoms. 

Although all 3 lizards appeared normal for 
the first 48 hours, that with 4,000 units showed 
extreme symptoms 75 hours after inocula- 
tion. The 800 guinea pig IM.L.D. individual 
displayed only the primary evidence of in- 
volvement, tremors of the head and cetxdcal 
regions. All 3 animals were placed in the 
refrigerator incubator at 10°C as soon as 
symptoms were detected. The 100-unit in- 
dividual showed no symptoms and was con- 
tinued at room temperatures pending devel- 
opment of evidence of toxic effect. 

After 90 hours at 26-28°C, the individual 
with 100 guinea pig M.L.D.’s was found to 
be suffering from partial paralysis of the 
hind legs and was then placed with the other 
2 individuals at a temperature of 10°C. 

Death of the 4,000-unit individual oc- 
curred sometime between 196 to 214 hours 
after inoculation, the time lapse probabU- be- 
ing somewhat curtailed owing to a 2-hour 
period of warming to 31'C while photographs 
were being taken to illustrate symptoms. 

The remaining 2 individuals, those at 800 
and 100 units, while still refrigerated, showed 
marked opisthotonic contractions up to 244 
hours, these symptoms gradually diminishing 
in intensity until immobility, possibly from 
prolonged exposure to abnormally low tem- 
perature, concealed the reaction. These con- 


ditions led imperceptibly to death some 270 
hours (±12 hours) after inoculation. 

Ex-p. III. In this investigation, an at- 
tempt was made to accomplish the following: 

1. Test more fully the retarding effects of 
low temperature. 

2. Test the accelerating effect of optimum 
temperature. 

3. Determine the effect of small dosages 
of the toxin on: 

a. Animals continuously cooled to tor- 
pidity (10°C) from the time of inocula- 
tion to the natural termination of the ex- 
periment. 

b. .-V series maintained at temperatures 
of 27-28°C, and 

c. series at temperatures slightly above 
the optimum but within voluntary toler- 
ance range. 

4. Determine the approximate lizard 
M.L.D. for this species under 3 conditions: 
namely, 

a. When cooled to torpidity. 

b. Maintained at approximately mini- 
mum-activity level, and 

c. .A.t and slightly above the optimum. 
Procedure. Nine lizards were divided into 

3 groups, one of which received 100 M.L.D.’s, 
another 50 guinea pig M.L.D.'s, and the 
third 5 guinea pig M.L.D.'s, thus reducing 
the dosage from that of the maximum ad- 
ministered in the first exp)eriment to 1/200, 
1/400, and 1/4,000 of that massive inocula- 
tion. From each of these dosage groups, one 
individual was placed in the incubator-re- 
frigerator at lO'C, one in a cage at room 
temperature 26-2S°C, and a third was placed 
in a heating cabinet at 38°C, the approxi- 
mate optimum temperature, although still 
5°C below temperatures selected by these 
animals under natural conditions and some 
7-9° below the lethal temperature for the 
species. Throughout the first 17 hours in a 
heating cabinet, temperatures were raised 
slowly from 31-38°C and thereafter were 
maintained at the latter level. 

In order to postulate the exact relation- 
ship between different thermal levels and the 
progress of the intoxication, larger series of 
animals as well as greater standardization of 
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Eighty hours after inoculation, the third 
specimen, which had been maintained at 
lO'C, was removed from the cold chamber 
and allowed to warm to room temperature, 
in this case 25.5 to 27°C. On warming, 
locomotory movements were limited to fore- 
limbs but movement was poorly coordinated. 
The hind legs were immobilized and were 
strongly adpressed to the tail, although 
locomotion could be carried on with the front 
legs alone. 

.•\s temperatures rose from 25.5-27'C, con- 
vulsive, tetanic contractions became progres- 
sively more violent and, as reported above, 
it was noticeable that auditory and visual 
stimuli, as well as vibrations and movements 
taking place in close proximity to the animal 
precipitated these convulsiv'e reactions. 

At 28°C the body became still more vio- 
lently flexed, remaining in this position al- 
most continuously. The flexure was so vio- 
lent that the animal was forced to lie on 
one side. At 30°C the head was flexed 
strongly to the left and the forelimbs showed 
limited mobility and were flexed backwards 
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under the bod}'. After being e.\posed to 
warming temperatures for 23 minutes, the 
animal defecated for the first time and the 
body temperature was noted as being 31 'C. 
Twenty-five minutes after removal from the 
coid chamber and while still with body tem- 
perature of SI'C, it was first noted that 
respirator}' movement had ceased, but it is 
possible that respiration may have stopped 
shortly before. 

Concomitant with cessation of respiration, 
the general reactions became fewer and less 
severe and the animal remained in a con- 
torted, prostrate position. Only 52 minutes 
after being removed from the control cham- 
ber, and with body temperature having risen 
to only 31.S°C, the animal died. 

Animal Xo. I, which received double the 
dosage givej) the other 2 individuals, was 
maintained continuously at a temperature of 
10°C thus acting as a control for Xo. 11 and 
III. In spite of such a heavy dosage, this 
animal outlived the others by a total of 212 
hours, whereas, the individual chilled for 80 
hours then warmed to 32 °C died after only 
52 minutes at a moderate temperature for 
these animals. Since the optimum tempera- 
ture for this species approximates 37°C and 
ma}' rise to 43 °C with no discomfort to the 
animal, it is clearly apparent that death in 
so short a time cannot be attributed to over- 
heating or overstimulation. At least one 
factor causing death from tetanus to.xin seems 
to be the violence of contraction, thus with 
approach toward normal neuromuscular re- 
actions, the toxin-produced reaction may 
cause traumatic injury and thus death. It 
seems improbable that either the amount or 
the degree of diffusion of the neuroto.xic ele- 
ment can have caused death where no symp- 
toms were evoked; on the contrary, this 
would appear to be a case of death induced 
by some other toxic effect or by too pro- 
longed chilling, which seems rather improba- 
ble, or some other unknown factor. 

In these e.xperiments the most clearly dis- 
cernible effect of temperature is the very 
marked lowering of the intensity of all tetanic 
reactions and their gradual intensification at- 
tendant on rising temperatures. This cor- 
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acidotic dogs; (2) that the administration 
of thiosulfate per sc does not significantly 
disturb either glomerular filtration rate or 
renal plasma flow; and (3) that the admin- 
istration of thiosulfate does not greatly alter 
the rate of excretion of titratable acid. Ac- 
cordingly. the thiosulfate clearance is to be 
preferred to the creatinine clearance in studies 
on renal function in animals in acidosis. 

Methods. .A total of 12 experiments were 
performed on 3 trained female dogs rendered 
acidotic by the oral administration of am- 
monium chloride. Solutions containing cre- 
atinine, sodium thiosulfate and sodium 
/)-aminohippurate were infused at a constant 
rate into the saphenous vein. Except in Ex- 
periments 1 and 2 the rate of infusion was 
maintained at 3 cc per minute. In these 
initial experiments infusion rates of 10 cc 
per minute gave evidence of expansion of cir- 
culating blood volume and increased filtra- 
tion rate. High infusion rates were there- 
fore discontinued. Plasma and urine thio- 
sulfate concentrations were determined by 
the plasma method of Newman ct al.- Cor- 
rections were made for both plasma and urine 
blanks. Other procedures and chemical 
methods have been described in previous com- 
munications.®' ‘ 

Identity oj the creatinine and thiosulfate 
clearances in acidotic dogs. In 50 compari- 
sons of simultaneously determined thiosul- 
fate and creatinine clearances in 3 acidotic 
dogs, the mean thiosulfate creatinine clear- 
ance ratio was 1.004. In 10 experiments the 
ratios varied within limits of 0.95 and 1.05. 
In 2 e.xperiments ratios as low as 0.90 and 
as high at 1.13 were obser\’ed. It is evident 
within limits of experimental error that the 
thiosulfate and creatinine clearances are equal 
in acidotic dogs as they are in normal dogs.* 

In Table I are presented 2 illustrative ex- 
periments in which the plasma concentration 
of thiosulfate was varied from 17. S to 55.6 
mg ‘/c. The plasma concentration of cre- 
atinine was maintained essentially constant 
at an optimum level for the determination of 
filtration rate. It is obvious that the 2 clear- 

■< rifts, K. F.. ;i7k1 Entspcieli, \V. P., Hm. J. 

1040, 147 , 13S. 




1 


I 


la.o e.i.o ,02.0 n.o .-i.;i4 n.ori.'i n.noo .si.a ,s2.:' i.oe 

20.4 51.1 n.!t 5,;!2 0,054 0.000 80.8 ,8:!.4 1.0,'! 

110-l'-'0 7.20 11.0 27,4 1,8.0 5.0 .5.10 0.000 0.0,85 01..'! 00,2 0.08 

l-0-!;i0 20.0 17.8 7.5 5.00 O.IIOO 0.0,87 05.0 01.0 0.07 



224 


Thiosulfate Clearance in Acidotic Dogs 


procedures would have been required, con- 
ditions not compatible with objectives in these 
preliminary experiments. 

In spite of the e.xploratory nature of these 
tentative trials, it is apparent that the life 
e.xpecfancy of these lizards, when under nor- 
mal thermal conditions — that is, 3 1-38 'C — 
is less than 2 days: whereas with moderate 
cooling to 27-28°C or chilling to 10-1 DC, 
there is a material prolongation of life, in the 
former case by 7 to 8 days, and in the latter 
as much as 14 days. Unfortunately, controls 
were not run to determine how long a nor- 
mal lizard would sun,'ive at this temperature 
(ice box). 

Although these results might have been 
predicted by the use of Van’t Hoffs Law, the 
ameliorating effects are greater than the Qio 
of 2, and approach those of 3 to 4. This 
larger factor may be due to inherent differ- 


ences of tissues or to physiological functions, 
but at present it seems more probable that 
the explanation mat" lie in the realm of nor- 
mal differences of the Q,o for different thermal 
levels. 

Conclusions. 1. Contrar3" to reports in- 
dicating that “cold blooded” creatures are 
not susceptible to tetanus toxin, the desert 
iguana is susceptible and for temperature 
studies is an e.vcellent e.xperimental animal. 

2. Lowering of temperature markedly pro- 
longs life in the desert iguana inoculated 
with tetanus toxin. From Van’t Hoffs Law 
one would expect a slowing down of the ef- 
fects of the toxin at lower temperatures. 

3. 7'here is a tremendous field awaiting study 
on the effects of altering bodily temperature 
on the course of disease, especially where 
toxic factors are concerned. 


15751 

Use of Thiosulfate Clearance As a Measure of Glomerular Filtration Rate 

in Acidotic Dogs.’^ 

R. F. Pitts and W. D. Lotspeich. 

From ilic Dcparlmcnt of Physioloriii, Syracuse VnircrsUy Medical College, Syracuse, F.T. 


The renal clearance of thiosulfate has re- 
cently been proposed as a measure of 
glomerular filtration rate in the normal dog* 
and in man," Since the majority of the ionic 
constituents of the glomerular filtrate are 
more or less completely reabsorbed during 
their passage through the renal tubules, the 
apparent tubular rejection of this anion con- 
stitutes an interesting anomaly. The pres- 
ent study of the excretion of thiosulfate in 
the acidotic dog was undertaken with the 
following 2 ends in view. If thiosulfate were 
to undergo no reabsorption in the tubules 

Aided Uy grtints from the .lolni .md Jlary R. 
Alarkle Foundation and from tire riiitcd .St:ites 
Public .Service, 

1 Gilman, A., Pbilips, F. S-, and Koollc, E., Am. 
J. Physiol., 1940 , 140 , 348 . 

■J Xewmaii, E. V., Gilman, A., and Pliilips, F. S., 
jaiill Johns TloplAus Tlosp., 1940 , 70 , 229 . 


of animals with disturbed acid base relation- 
ships, as is apparently true in normal ani- 
mals, that fact would strengthen the con- 
cept that its clearance constitutes an ade- 
quate and broadly applicable measure of fil- 
tration rate. If the thiosulfate clearance 
could be used as a measure of filtration rate 
in acidotic animals, it would have the fol- 
lowing advantage over the creatinine clear- 
ance. Thiosulfate, unlike creatinine, is de- 
void of buffer properties. Hence, it can be 
predicted that the administration of this sub- 
stance would not affect the rate of excretion 
of titratable acid, as does the administration 
of creatinine.® 

In this study it has been found: (i) that 
the thiosulfate clearance provides an accurate 
means of quantitating glomerular function in 

3 Pitts, R. F-, find Alexander, R. S,, Am. J. 
Physiol., 1945, 144, 239. 
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ances are in essential agreement, and that 
the thiosulfate clearance is independent of 
plasma level over a 3-fold range of concen- 
tration. For these reasons rve feel that the 
thiosulfate clearance gives as accurate an es- 
timate of the quantity of fluid filtered through 
the glomeruli as does the creatinine clearance. 
The severity of the acidosis in the animals 
used in these experiments is indicated both 
b}’ the low arterial pH values,, and by the 
reduced plasma bicarbonate concentrations. 
As a consequence of the acidosis the urines 
were highly acid and ammonia and titratable 
acid were excreted at accelerated rates. It 
is significant that the buffering capacity of 
the urinarj' creatinine accounts ior over 90^- 
of the titratable acid eliminated. 

Lack of cgcct of thiostclfatc on glomerular 
filtration rate and minimum cncclivc renal 
plasma flow. It is apparent from Experi- 
ments 3 and 4 in Table II. that the admin- 
istration of thiosulfate is without significant 
effect on filtration rate and minimum ef- 
fective renal plasma flow. Throughout both 
experiments these renal variables were meas- 
ured respectively by the creatinine clearance 
and fay the f-aminohippurate clearance. The 
initial 3 periods of each experiment consti- 
tute the control observations. During the 
final 3 periods thiosulfate was infused at 
such a rate that its clearance could be used 
as an accurate measure of filtration rate. 
No really significant change occurred in either 
filtration rate or renal plasma flow as a re- 
sult of the infusion of thiosulfate, slight in- 
creases in Experiment 3 being onset by slight 
decreases in Experiment 4. Identical ex- 
periments on 2 other animals yielded similar 
results. 

.-idvantage of tkiosnljatc over creatinine in 
c.xpcrimenis in which titratable acid is to be 
measured. It was noted in connection with 
Experiments 1 and 2 that over of the 
obsen’ed urinary titratable acid could be 
ascribed to the buffering action of creatinine. 
Exjierimenis 5 and 6 emphasize the fact that 
the administration of creatinine veiy marked- 
ly increases the rate of elimination of titrata- 
ble add in the acidotic animal. In the ini- 
tial 3 periods of each experiment little buf- 
fer substance was present in the urine, and 


as a consequence the rate of excretion of 
titratable acid was low. amounting only to 
0.005 to O.OOS mUUequivalents per minute. 
Following the administration of creatinine 
the rate of excretion of titratable acid in- 
creased more than 10 times to values rang- 
ing from 0.0S5 to 0.105 milliequivalents per 
minute. Since the urinarx' pH did not change, 
the increased elimination of titratable acid 
derived solely from the increased elimina- 
tion of creatinine. 

Experiments 3 and 4 in Table 11 illus- 
trate an interesting phenomenon which we 
have occasionally obserx'ed. namely, that the 
urine may not be espedally acid even though 
the extent of the reduction of the alkali re- 
serve is great (see especially Experiment 4). 
The excretion of titratable add was moderate 
in this experiment although the urine con- 
tained much buffer. Following the admin- 
istration of thiosulfate, the urine pH fell and 
the excretion of titratable add increased pro- 
portionally. This effect on urine pH is not 
peculiar to thiosulfate for we have observed 
it following the administration of sodium 
phosphate, sodium />-aminohippurate and 
even sodium chloride in the dog. .^t the 
moment we have no adequate explanation for 
it. It is by no means universally obseiwed. 

Summary and Conclusions. The data pre- 
sented abox-e confirm the obserx-ations of 
Gilman cf al.^ that the thiosulfate clearance 
may be used as a x-alid measure of glomerular 
filtration rate in the dog. and extend these 
observations by showing that it is applicable 
to animals with disturbed add base relation- 
ships as well as to normal animals. Because 
the administration of thiosulfate has no sig- 
nificant effect on glomerular filtration rate 
(creatinine clearance) and minimum effective 
renal plasma flow ( />-aminohippurate clear- 
ance) the thiosulfate clearance may be used 
in studies on renal functioi. in acidotic ani- 
mals xvith minimal disturbance of these dis- 
crete renal variables. Since thiosulfate is 
not a buffer, the administration of thi.s sub- 
stance does not greatly alter the rate of 
excretion of titratable acid. This x'inue is 
likewise possessed by mannitol and inulin, 
but the simplicity and accuracy of the thio- 
sulfate analysis argues strongly in its favor. 
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Fig. l.a. 

Return e.xtrasvstalcs wliicU aji^icarcR during warming of llic aurifuio-vonfricular node. 

Fic. lb. 

Return extrasystoies during wanning of tlie aurii-ulo-vcntvicular node, ajrpcaring regularly 
with a long R-P interval. 
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the R-P inlerual reached a length of 0.12 
second. Premature contractions did not fol- 
low any other beat. Therefore a reentry- 
mechanism can be assumed. 

The tracings from the 2 other experiments 
of this series showed the same picture. 

Table 1 gives the measurements obtained 
in 3 tracings with return e.xtrast-stoles. They 
show clearly that a return extrasystole oc- 


curs when the R-P distance reaches a cer- 
tain length. The reciprocal duration of the 
R-P distance and of the following R-P inter- 
val is evident. .\ll beats in yvhich the P 
waves were hidden in the QRS complex or 
in which positive P waves preceded the QRS 
complex are designated with “O". Following 
beats of this type return extrasysloles were 
absent, for obvious reasons. 
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Return Extrasystoles.*' 

David Scherf. 

I'rom ihc Dcparlmcnt of MaUrinr, AVic YorJ: Medical Collc{/e, Xcw Ynrl: Cilti. 


In previous reports it has been demon- 
strated that “return estrasysloles'’ are ob- 
served in dogs during auriculo-ventricular 
rhr’thm and simultaneous vagus stimulation 
or following fatigue of the conduction sys- 
tem by a short lasting tachycardia.’-- The 
resulting disturbance of rhythm closely re- 
sembled tracings which were registered from 
patients in rare cases."'-* Whenever the 
auricles, during auriculo-ventricular rhythm, 
contracted at a certain time after the QRS 
complexes the return extrasystole was ob- 
served. 

Of importance is the answer to the prob- 
lem whether the longitudinal dissociation is 
always present as an intrinsic quality of the 
specific conduction system between auricle 
and ventricle so that the reentry mechanism 
works whenever the R-P interval reaches a 
certain length or whether some damage of the 
conduction system must be added. This 
would consist in the experiments just men- 
tioned, in vagal stimulation or fatigue. An 
answer may be possible when more experi- 
mental or clinical instances of this arrhythmia 
become known, particularly when more con- 
ditions are studied under which this dis-' 
turbance of rhythm occurs. 

In view of the paucity of experimental 
observations on this subject 2 more situa- 
tions, in which the phenomenon of return 
extrasystoles was observed will be described 
in this report. It was seen (1) during di- 
rect warming of the auriculo-ventricular node 
of the dog’s heart in situ bj" a thermode, and 
(2) during depression of the sinus and the 

* A portion of the costs v.-is tU-fr.oyed by a gr.mt 
from tlic TJnited Hospital Huiid. 

1 Scherf, D., and Shookhoff, C., Wien Arch. inn. 
Med., 1920, 13, 501. 

2 Scherf, D., Arch. ini. Med., lOll, 07, 372. 

SHrurv, A. H., near!, 1924, 11, 405. 

4 Dccherd, G., and Buskin, A., Texas Jtep. Biot, 
and Med., 1943, 1, 299. 


auriculo-ventricular node by mechanical 
stimulation of the sinus node area. 

(1) Wartiiiiig of the auriculo-ventricular 
node. These experiments were described in 
a previous communication in this journal.-’’ 

The wall of the right auricle was opened 
after clamping both venae cava; the area 
of the auriculo-ventricular node near the 
orifice of the coronary sinus vein was warmed 
with a thermode. The warming took place 
within 30 seconds after clamping of the veins 
was started, that is, at a time when a high 
degree of anoxia could not have as yet de- 
veloped. 

This experiment was performed in 17 dogs. 
Return extrasystoles were observed each time 
in these e.xperiments when an auriculo- 
ventricular rhythm appeared in which the 
auricles contracted after the ventricles dur- 
ing the warming. This happened 4 times. 

Fig. la shows a tracing obtained in such 
an experiment. Before the warmin'; the vagi 
were divided in the neck. During the warm- 
ing a relatively slow auriculo-ventricular 
rhythm appeared. Deep, peaked inverted 
P waves are visible after the QRS complexes. 
Whenever the auricles contracted 0.14 sec- 
ond or later after the ventricles, a return 
extrasystole, due to a reentry mechanism ap- 
peared. The intraventricular conduction of 
the return e.xtrasystoles was aberrant. Such 
extrasystoles appear after the second, fifth, 
sixth and seventh auriculo-ventricular beat 
in the tracing. Such return extrasystoles 
were absent after all the other beats unless 
the R-P interx'al was long. 

Fig. lb shows the same phenomenon in 
another experiment of the same type. The 
warming caused at first a tachycardia and 
the P waves were not visible. Here again 
return extrasystoles appeared when the 
auricles contracted after the ventricles and 

aScIieif, 

1944, 50, 220. 
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Stimulation of Sporogenic and Nonsporogenic Bacteria by Traces of Peni- 
cillin or Streptomycin 

Harold R. Curran and Fred R. Evans. (Introduced by G. E. Holm.) 

From t/ic Division of Dairti Jlcsrarcli Lnhorntnrirs. Dnre-rn of Dn-iy Indnsirii. ApricnlUirai 
Dcscorch Adminisirolion. U. S. Dcpiirtincnl of Apriciilliirc. 


The remarkable therapeutic efficacy of 
penicillin and streptomycin is dependent up- 
on their low toxicity to tissues and their un- 
usual capacity to inhibit or kill, in vivo, a 
wide variety of pathogenic organisms. 

That the biological activity of these anti- 
bacterial agents is not limited to their bac- 
tericidal or bacteriostatic properties may’ be 
readily^ demonstrated, although this fact seems 
to have been overlooked by^ most micro- 
biologists and clinicians. The bacteria-con- 
trolling property of these drugs has for the 
most part obscured the phenomenon of growth 
stimulation associated with low concentra- 
tions of the drugs. Evidence of a so-called 
biphasic action of penicillin has been reported 
by Miller, Green, and Kitchen^ who noted 
that certain concentrations of penicillin in 
broth containing Staphylococcus aureus in- 
duced upon incubation, increased turbidity 
over the control containing no penicillin. The 
effect was irregular at 37°C but quite con- 
sistent at 24'’C. 

It is the purpose of this paper to show 
that suitably diluted solutions of either peni- 
cillin or streplomyxin, when incorporated in 
a nutrient medium, e.xert a definite stimulat- 
ing effect upon the growth of many' bac- 
terial species. Stimulation of this nature 
was first obser\'ed in a spore-forming species 
with tomatin as the test substance; our ob- 
servations were then extended to penicillin 
and streptomycin and widened to include a 
rather large group of spore-forming species 
and 2 nonspore-forming pathogenic species. 

When spore-forming species were used, 
washed spores were seeded uniformly into 
tubes of sterile (autoclaved) skim milk to 
yield a final concentration of approximately 
50,000 viable spores per milliliter. The in- 

1 Miller. W. Green. .\., .nnil Kitchen, H., 
Xnliirr, 1!>4.'>, t.'i.'i. CIO. 


oculated samples were heated at 95 °C for 
15 minutes and cooled, after which distilled 
water dilutions of the antibiotics*’! were 
thoroughly mixed with the inoculated sam- 
ples. These samples together with the con- 
trols. which received no antibiotics but were 
manipulated similarly, were then incubated, 
tisually at 30°C and observ’ed at frequent 
interva’s for the first visible indication of 
growth. In the nonsporing species a small 
loopful of a 17-hour tomato broth culture 
served as inoculum for each tube of medium. 
The requisite dilutions of reagents were made 
up from the powder just prior to use. Two 
or more controls were included in each se- 
ries to take account of chance variations. 
The data were essentially' reproducible al- 
though in some samples unexplained dis- 
crepancies occurred. 

Examination of the data (Table I) shows 
that both penicillin and streptomy'cin were 
for most strains stimulatory at one or more 
concentration levels. The degree of stim- 
ulation varied from a few hours to several 
days as measured by first visible evidence of 
growth? between the test and control sam- 
ples. Film preparations made at one or 
more stages in the development of the cul- 
tures, in most instances revealed a positive 
correlation between visible indication of stim- 
ulation and cell numbers. Greatest stimula- 
tion was found in Bacillus megatherium, 
while in Bacillus mycoidcs and certain strains 
of Bacillus cercus it was not apparent. In 
Clostridium perjringcns (2 cultures) stimula- 
tion was slight and frequently irregular. The 

* Ppiiirillin srxliiim nPt.liiicd from Clin?. Pfizer & 
Brooklyn. X.Y. 

t Strcjitomyiin tiyfirovliloride oLtoiiiefi from 
Jtprek X: Go., RoliM‘:iy. X.,T. 

t I'ereejUlble thirkoning. sorf.-iee ring of pep- 
tonized milk or gns kuIiWe. 


230 


Return- Extrasystoles 


h 


c 



o 


Fic. 2. 

Return extrasyslfiles during reflex inliibition of tlic sinus- and tlie auriculo-vcntricular node. 


(2) Depression of sinus and anrietdo- 
vcn/ricular node. This phenomenon was de- 
scribed in a previous paper in this journal.® 
The subepicardial injection of h.vpertonic 
solutions of sodium chloride or calcium chlor- 
ide, as well as digitalis or strophanthin in 
the sinus node area of the right auricle led 
in a certain percentage of e.x-periments on dogs 
to a depression of the sinus node. Frequent- 
ly the deeper auriculo-ventricular nodal cen- 
ters were also inhibited. This depression 
was particularlj' pronounced in one experi- 
ment in which during the auriculo-ventricular 
rhythm the auricles contracted ajlcr the 
ventricles. ■ 

The heart of the dog was exposed during 
nembutal-morphine anesthesia. Both vagi 
were severed in the neck. Then O.I cc of 
a 5% solution of calcium chloride was in- 
jected subepicardially in the area of the head 
of the sinus node. Immediately a marked 
bradycardia appeared and an auriculo- 
ventricular rhythm was registered with an 
R-P interval of 0.16 second (Fig. 2a). With- 
out any other means the length of the R-P 
distance gradually increased in the follow- 
ing minutes. In Fig. 2b it is 0.17 second 
and in Fig. 2c it measures 0.18 second. As 
soon as it reached the value of 0.20 second, 

r. Sfl!erf7i>., Pr.or. Soc. Exp. Biot., a.xd. Med.. 
into, fit, 2S0. 


bigeminy and trigeminy appeared (Fig. 2d). 
.About 2 minutes later and 3.5 minutes after 
the injection, the extrasystoles disappeared 
and the R-P interval at that time was again 
shortened to 0.18 second (Fig. 2e). The 
occurrence of trigeminy due to return extra- 
systoles was described before.- 

Disenssion. These e.xperiments show 2 new 
ways which lead to the appearance of return 
extrasystoles. In both, however, a change of 
the condition of the auriculo-ventricular con- 
duction sj'Stem cannot be completely e.xclud- 
ed. This damage could be due to anoxia in 
the first experiments in which the e.xposed 
auriculo-ventricular node was warmed al- 
though it is rather improbable in view of the 
earl}- appearance of the return extrasystoles 
and the shortness of the P-R and R-P inter- 
vals. In the second type of experiment the 
depression of the nodal centers may also have 
extended to the deeper sections of the speci- 
fic tissue. 

Conclusion. Two new methods are de- 
scribed which lead to the appearance of re- 
turn extrasystoles during auriculo-ventricu- 
lar rhythm in the dog. Such extrasystoles 
appeared during direct warming of the e.x- 
posed auriculo-ventricular node in situ and 
during depression of the nodal centers by 
the subepicardial injection of a hypertonic 
solution of calcium chloride. 
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with those here reported indicate that the 
stimulating activity of penicillin and strepto- 
mycin evident in vitro is probably operative 
in vivo. 

Discussion. By evincing, in suitable con- 
centrations, bacteriostatic or bactericidal ac- 
tivity and at certain much lower concentra- 
tion levels a stimulatory effect, penicillin and 
streptomycin conform to a familiar behavior 
pattern of drugs and chemical reagents. The 
biphasic action of sulphonamides has been re- 
ported.* Recognition of the potential stim- 
ulatory activity of these drugs further in- 
creases the problems of initial dosage and 
maintenance in the body fluids of proper drug 
levels. The importance of achieving com- 
plete destruction of the infective agent by 
the initial dosages receives added emphasis. 
It is apparent also that concentrations of 
these drugs efficacious as bactericidal or bac- 
teriostatic agents for one species of micro- 
organism, for another, perhaps coexistent in- 
fective agent, may be stimulatory. Thus, 
Eagle ct al:’ found that 0.01-0.02 u/ml of 
penicillin was actively spirochaeticidal, a 
zone not infrequently stimulating to the 
spore-forming species employed in our study. 

11., Mi'gimson, II. .1,, and FUnsehman. 
H.,. Jd/.a-s Hop. lltiftp. BtiU., 70. IdS. 


Rammelkamp and Keefer* reported maximum 
antibacterial action for Streptococcus hac- 
vwlyticus when the concentration of penicillin 
in blood and serum was 0.019 u/ml. Evi- 
dence^-** seems to indicate that part of the 
therapeutic activity of penicillin is associ- 
ated with accompanying impurities, a fact 
which has necessitated in recent years the 
administration of larger doses to offset the 
greater refinement of the product; converse- 
ly it is not unlikely that the stimulatory 
concentration level of penicillin and strep- 
tomycin would be lowered by increased puri- 
fication. 

Summary. Suitable, low concentrations of 
penicillin or streptomycin in sterile milk 
(autoclaved) stimulated the growth of many 
spore-formers and Staphylococcus aureus and 
Streptococcus agalactiac. The degree of 
stimulation differed with the organism and 
with some cultures was not apparent in the 
range of concentrations used; some of the 
practical implications of growth stimulation 
by penicillin and streptomycin are briefly 
discussed. 

I H nnm'.'lkiiiiiii, C. II.. ami Kwfer. C. S., .1. Clin, 
h, vr.it.. 1043, 32. l!40. 

tv. ,1., .Sciriici, 104(i, 104, 411. 

Ciiinni. Med. Re<., 1'. p. H. p, j)_ .\.. 

j. M,,i. ./.v.s«.. 1040, 131, eri. 
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Studies on Auricular Tachycardia Caused by Aconitine Administration. 

DA\aD SCIIERF, 

From thr Dcparlmfitl of .VcUiviiir. A'l ir Yorl- .Mrihriil Collrtfc.- 


-Aconitine in minute amounts provokes ab- 
normal stimulus formation in the heart. It 
has been demonstrated that with particular 
precautions a long-lasting, regular, bigeminal 
rhythm can be obtained after the intrai'enous 
administration of aconitine in the experi- 
mental animal.* Studies on the effect of 

* .tided I)y :i grant frnm the I'nitcd ITospitals 
I’und. 

t .Ridierf, D., X. f. <1. ar.i crp. tihil.. 1P20. G.T. 
l.OS, 222. 


topical application of aconitine on the dog's 
hean are reported in this paper. 

'^Icthod. The experiments were performed 
on 23 dogs. Alorphine-nembutal anesthesia 
was used. The heart was e.xposed in the 
usual wat'. The vagi were severed in the 
neck. If necessary, the peripheral end was 
stimulated with the aid of a Cambridge in- 
duct orium. 

The electrocardiograms were registered in 
lead II. 
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2 nonspore-foriners,^ Streptococcus agatac- 
tiac and Staphylococcus aureus, were chosen 
because of their causal relationship to bovine 
mastitis. The latter evidenced rather slight 
and at times irregular stimulation at the 0.001 
and 0.0001 levels (u/ml) of penicillin and in 
most of the streptom 3 'cin concentrations. 
Strep, agalactiac was appreciably stimulated 
through a wider range of penicillin and strep- 
tomycin. In general, streptomycin was more 
frequentl}' stimulatory than was penicillin. 
It is perhaps significant that the stimulatory 
effects of penicillin and streptomj’cin were 
"cneralh- more apparent in the cultures in- 
cubated at 30°C than at higher tempera- 
tures, which accords with the previously men- 
tioned observation of iVIiller ct al.^ upon the 
staphylococcus. 

In view of the limited number of drug levels 
iLsed, it should not be supposed that the most 
favorable concentrations were attained in 
these e.xyieriments or that cultures negative 
in reaction would not respond at other drug 
levels. The recorded data were obtained in 
a skim milk medium; when this medium was 
enriched b\' the addition of glucose and j’east 
c.xtract the stimulating properties of the anti- 
biotics were usuall)’ greatly reduced or en- 
tirely eliminated. 

Welch, Price, and Randall- recently re- 
ported that streptonwein at certain concen- 
tration levels when injected intraperitoneally 
in mice infected with EbertheUa typhosa in- 
creased rather than decreased the fafalit}' 
rate. This suggested to the authors the pos- 
sibilitj' of stimulation of the infective agent 
by streptomycin; further strengthening this 
view was their observation that certain levels 
of streptom^'cin in broth, though inhibiting 
any visible evidence of growth, induced, 
nevertheless, a greater multiplication of cells 
than did samples containing lower concen- 
trations of the drug. This report, together 
with that of Miller ct al.,^ came to our atten- 
tion after most of our observations were com- 
pleted. The former observations together 

Iteecntly isolated from ncufo bovine mastitis 
bj- li. A. Burke)-, fins Bureau. 

SIVoJcb, JL, Price, C. W., and Eandall, AV. A., 

.1. Am. Pttarm. Assn., 194G, 35, 155. 
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Fig. 1, n-d. 

The top tracing (Fig. la) shows at tlie beginning an auricular tachycardia and the effect of 
vagus stimulation which begins in the middle of the tracing. Fig. lb shows the end of the vagus 
stiuinlation (middle of tracing). In the beginning of tracing Ic the site of stiinulns formation 
was clamped off; in the middle of Fig. Id the clamp was reinoved (Lead II). 


a 



b 


Fio. 2a and 2b. 

The signal indicates the beginning of vagus stimulation. Fig. 2b shows a slight irregu- 
larity of the auricle during vagus stimulation (Lead II). 

tinuation of Fig. la) . Without delay the Fig. 2a shows at the beginning a few corn- 
same tachycardia with a rate of 230 was plexes of a tachycardia with a rate of 200 

again registered as in the beginning of Fig. which appeared following an injection of the 

la. In the first third of Fig. Ic, the appendi.x same quantity of aconitine into the medial 

of the left auricle was clamped, so that the wall of the left auricular appendLv. The 

site of injection was isolated from the rest broad, wide, irregular line represents a signal 

of the heart. A sinus rhythm appeared im- indicating the beginning ofvstimulation of" the 

mediately with a rate of 187 beats per min- left vagus nerve. During tJiff stimulation of 

ute and soon the rate fell to 156. The clamp the vagus the auricular rate rosVimmediatelv 

was removed a few seconds later (middle to 461 and there was almost coriiplete in- 

of Fig. Id, which is a direct continuation of hibition of the auriculo-ventricular. conduc- 

fc), and an auricular tachycardia re- tion. The cessation of vagus stimulation was 

appeared with a rate of 250 beats per minute, followed by an immediate recurrence' of the 


234 


Experimental Tachycardia 


Solutions of 0.05% of “potent” aconitine 
crystals “IMerck” were used. The injections 
were performed with greatest care with the 
aid of a tuberculin syringe. Even the small 
amounts of aconitine, which were used in 
these experiments, if introduced into the 
auricular cavity, caused a ventricular tachy- 
cardia and ventricular fibrillation. One must 
be careful not to leave any aconitine solution 
on that part of the auricular surface which 
is in contact with the ventricular wall be- 
cause this also leads to a ventricular tachy- 
cardia and eventually to ventricular fibrilla- 
tion. The potencj’ of the solution quickly 
deteriorates, even when kept in the refrig- 
erator. 

INIost of the injections were performed on 
the appendi.x of the left auricle, a few milli- 
meters below its tip. Injections into the 
wall of the appendix of the right auricle had 
the same result.' 

Experimental results. Injection of 0.05 cc 
of a solution of 0.05% of aconitine into the 
wall of the auricles of the dog’s heart leads 
to a prolonged regular auricular tachycardia. 
The tachycardia begun within 90 seconds 
after the injection. The rate varied between 
196 and 310 per minute. The tachycardia 
lasted between 40 and 60 minutes, and was 
therefore sufficiently long to permit certain 
studies to be made. 

In these experiments the following facts 
could be demonstrated: 

1. Faradic stimulation of the right or left 
vagus nerve during the auricular tach}^- 
cardia led to a remarkable acceleration of the 
rate of the auricle in all experiments. This 
acceleration often amounted to an increase 
of more than 100%. The acceleration was 
immediate, and after the end of stimulation, 
the former rate returned within a few sec- 
onds in the form of a rapid but not abrupt 
decline. The auricular waves remained un- 
changed in the electrocardiogram, or showed 
only the slight alterations which would be 
expected with an increase in rate. No dif- 
ference could be detected in the results when 
right and left vagus were stimulated respec- 
tively Observation of the right auricle dur- 
in<^ the vagus stimulation revealed an imme- 


diate disappearance of the strong fluttering 
movements, and on close observation, weaker, 
but rapid and regular undulatory movements 
could be detected. A var 3 dng degree of 
auriculo-ventricular block appeared. Auricular 
fibrillation, or rapid ree.xcitation of the 
auricles with rales up to 3500 per minute 
was never obsers'ed. In only one e.xperiment 
did auricular fibrillation appear following the 
injection of aconitine and before stimulation 
of the vagi. 

2 . Clamping off the appendix of the auricle 
into which the injection was made, invaria- 
blj’ led to an immediate disappearance of 
the tachj-cardia and the reappearance of sinus 
rhj'thm. In some instances coronary sinus 
rhythm with deep inverted P waves was not- 
ed; this was soon followed 63 ^ regular sinus 
rh 3 dhm. Removal of the clamp permitted 
the tach 3 'cardia to reappear within a few sec- 
onds. 

3. Stimulation of the vagus while the clamp 
was in position led to a complete cardiac 
standstill. Onl 3 ' in Uie clamped-off appendix 
of the left auricle were fine undulatory move- 
ments visible. 

4. Cooling the focus of origin of the tachy- 
cardia, that is the area where the injection 
had been made, with a thermode also caused 
the tach 3 'cardia to vanish for the duration of 
the cooling. The tach 3 ’cardia recurred im- 
mediately and invariabK^ with the removal 
of the thermode. 

Fig. la shows at the beginning a regular 
tachycardia caused b 3 ' the injection of 
aconitine in the manner described in the 
appendi.x of the left auricle. A rate of 230 
auricular and ventricular beats per minute 
is present. The R waves are so thin that they 
are scarcely visible. The P waves are tall. 
After the 10th beat the left vagus was stim- 
ulated in the neck with a strong faradic cur- 
rent. The auricular rate immediately in- 
creased to 428 beats per minute without any 
change in the form of the auricular waves. 

An auriculo-ventricular block appeared and 
made it easier to observe the auricular elec- 
trocardiogram. The vagal stimulation was 
stopped a few seconds later (first third of 
the tracing in Fig. Ib, which is a direct con- 
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Fig. -in and 41i. 

Vagus stimulation during auricular tacliycardia (Fig. 4a) and tooling o£ area of injoetion 
(Fig, 41 j) (Load II). 


cooling led lo (he appearance oi sinus rhythm. 
The response to cooling rras. in general, the 
same as to clamping off of the area of in- 
jection. 

In most experiments all these measures, 
such as vagus stimulation, clamping, and 
cooling, were performed 3 or 4 times in suc- 
cession, and always with the same results. 

Dhcussioit. Of paramount importance in 
the evaluation of these experiments is the 
question as lo whether the tachycardias 
caused by the injection of aconitine repre- 
sent an auricular tachycardia of the “essen- 
tial paroxysmal tachycardia” tj-pe. or wheth- 
er we are dealing with auricular flutter. This 
differentiation is often impossible and in re- 
cent years many arguments have been pre- 
sented in favor of the identity of these con- 
ditions. It is the opinion of the author that 
for the time being a separation is necessary, 
and that the facts in favor of their identity 
are loo few and not really crucial. 

The tracings appear similar to those pub- 
lished by many authors as examples of ex- 
perimental auricular flutter.- '’ The isoelec- 

- I.i'wis, T., Drury, .\. X.. and Bulger. H. .V. 
Jhinl. liiei, 8, S3. 

■" J.i u ik. T., Oriiry, .1. X,. .'lud Bulger. II. 
lirnrt. I'Idl. 8, I4I, 

' Rotlilierger, .1., uud WiiUetBerg, II.. Arch, 
f. -J. nr.-, rhimi,]., 1P14, 100, 42. 

Sr lu rf, I).. /. f. A. flr.-. /j-p. Mtil., lim.s. (jj, 3 f)_ 

s Lewis, X.. Fi'i!, II. S.. :iud Stroud. W, .T., 
Itcarl. l!>lS/eo, V, 101. 


trie line between the single auricular waves 
is short or absent. Flutter rates in the dog’s 
auricles however, were found to varj- between 
345 and 580'’’ while the rate in the experi- 
ments reported in this paper was definitely 
below this range before vagus stimulation 
and within it during stimulation. .Against 
the diagnosis of a simple tachycardia like the 
essential paro.vysmal tachycardia in man 
there is the observation that stimulation of 
either vagus nerve with e\'en the strongest 
faradic current never caused sudden ending 
of the tachycardia. This sudden abolition 
of an auricular tachycardia is seen however 
in only a certain percentage of essential 
paroxysmal tachycardia, and absence of this 
effect does not invalidate the diagnosis. It 
is entirely possible that the inability to end 
the tachycardia by vagal stimulation is due 
to the special conditions which led to the 
tachycardia in this experiment. .Against the 
e.xistence of auricular flutter in these trac- 
ings. the argument may be used that it was 
never possible, even with the strongest cur- 
rent, to change the auricular tachycardia in- 
to auricular fibrillation by vagus stimulation. 
One easily succeeds in doing this in auricular 
flutter caused b\' other nieans.^-i The 
phenomenon of rapid reexcitation with au- 
ricular rates between 1500 and 3500 per min- 
ute rarely occurs during vagus stimulation 

~ Leivi;-, T.. Druty. A. X.. ami Hksfu, C. C.. 
nrarf , JUJI. 8. 311. 
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■ Kio. ;t, 

A’.'irus stiiiuiliitidii (Im-inR nuriculnr lacliyranlia (rig. Ra), clami'inn off the focus in tlic 
vicht auricle (Fig. 31j), vakils stiniulnticm (liiriiij* iircsenco of (•la)u)> (Fiir. 3e), and removal of 
clamp (Fip. Hd) (Lead II). 


former tachycardia with a rate of 200 beats 
per minute. 

Only rarely was the auricular tachycardia 
during vagus stimulation irregular. In Fig. 
2b, which Avas secured in another e.^periment 
than Fig. 2a, at the beginning of the tracing 
the auricular rate after administration of 
aconitine Avas again 200. During stimulation 
of the right A'agus nerve the rate increased 
to an average of 428 beats per minute and 
slight arrhythmias AA'ere visible. Temporary 
interruption of the contact of the stimulating 
electrode Avith the A'agus nerve could not be 
excluded. 

Fig. 3 is from an e.xperiment in AA’hich the 
aconitine Avas injected on the tip of the right 
auricular appendix. A tachycardia AA-ith a 
rate of 272 appeared Avithin a fcAV seconds 
(Fig. 3a). Faradic stimulation of the right 
vagus led to an increase of rate to 375 beats 
per minute (Fig. 3a), and to a complete in- 
hibition of the auriculo-ventricular conduc- 
tion. The 2 perpendicular Avhite lines rep- 
resent signals showing the beginning and the 
end of the vagal stimulation. After stimula- 
tion Avas stopped a short period of 2:1 block 


is noted (Fi't. 3a), and the regular tachy- 
cardia Avith a rate of 280 recurred. Clamp- 
ing off the right auricular appendi.x caused 
a sinus rhythm to appear immediately (Fig. 
3b) Avith a rate of 150. In Fig. 3c, the 
effect of the vagus stimulation during the 
clamping, and the existence of a sinus rhythm 
is demonstrated; a complete standstill of the 
heart resulted, Avithout any sign of activity in 
the electrocardiogram. Removal of the clamp 
permitted the tachycardia to recur immedi- 
atel)' in the same form as before Avith a rate 
of 214 (Fig. 3d). 

Fig. 4 AA'as obtained in an e.xperiment in 
AA'hich the injection Avas made on the appendix 
of the left auricle. A tachycardia Avifh a 
rate of 310 appeared, and the rate increased 
during the vagus stimulation (see signals) 
only to 375 (Fig. 4a). Cooling of the site 
of origin of the tachycardia (the area of 
injection) led to the immediate disappearance 
of the tachycardia (Fig. 4b). .A regular 
coronary sinus rhythm Avith a rate of 187 
was present. Interruption of cooling Avas 
immediately foIloAved by reappearance of the 
tachycardia, at the end of Fig. 4b. Usually 
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vagus stimulation not based on a circus 
movement mechanism is of interest. 

Suitnttary. Focal application of aconitine 
to the dog's auricle in the form of a subepi- 
cardial injection is followed by the appear- 
ance of a prolonged regular tachycardia with 
a rate of approximately 200 to 300 beats 
per minute. Faradic stimulation of the 
vagus nerves in the neck always leads to a 
remarkable increase of rate of the auricles. 
.‘\uricular fibrillation or the phenomenon of 
rapid reexcitation were never obsen'ed dur- 
ing the vagus stimulation. 

Separation of the site of injection from the 
rest of the heart by clamping abolishes the 


tachycardia; it regularly reappears on re- 
moval of the clamp. Cooling of the site of 
injection by a thermode also stops the tachy- 
cardia, and it reappears immediately when 
cooling is discontinued. 

The tachycardia shows characteristics of 
auricular flutter, but auricular tachycardia of 
the tjTie “essential paroxysmal tachycardia” 
cannot be ruled out. 

The results of the experiments cannot be 
explained under the assumption that the 
tachycardia is caused by a circus movement. 
Therefore the increase of rate during the 
vagus stimulation requires another explana- 
tion than the one given by Lewis. 
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A Method for Intrathoracic Operation on the Rat.* 

Charles B. Porter and John T. Small. (Introduced by F. C. Mann.) 
From the Division of ETpcrimcnittl Medicine, Mayo Foundation, Fochestcr, Minn. 


Positive control of intrapulmonarj' tension 
and oxygenation is highly desirable for intra- 
thoracic operations on any animal. The 
technic for larger animals, such as dogs, is 
well standardized, but because of the small 
size of the laboratory rat, none of the methods 
could be satisfactorily used in intrathoracic 
operations on that animal. 

In connection with problems involving 
pneumonotonw and pneumonectomy in the 
rat, a simple and satisfactorj^ method of posi- 
tive pressure administration of oxygen has 
been evolved utilizing tracheal intubation. 
The rat is anesthetized with pentobarbital 
sodium intraperitoneally at a dosage of 30 
mg per kg of body weight. In combination 
with this is given scopolamine hydrobromide, 
in a dosage of 0.6 mg for a 300 to 400 g rat.^ 

* Work done in the l.-iboratory of, .and under the 
direction of, Dr. George At. Iliggins, Division of 
Experimental Atedicine, Mayo Foundation, Roches- 
ter, Atinn. 

1 Hoick, H. G. O., Dosage of Drugs for Rats, in 
Grillitli, .T. Q., .Tr., and Farris, E. .T., The Fat in 
r.ahoratory Inrc.stifjation, Pliiladelphia, .T. B. Lip- 
pineott Company. 1942, chap. 13, pp. 29T-3oO. 


The latter drug was found to increase rapidi- 
ty and depth of anesthesia, reduce tracheal 
secretions and counteract the respiratory de- 
pression that pentobarbital sodium tends to 
produce. The pharynx is cleared by suction 
and the trachea is intubated with a special 
tube to be described later. The end of the 
tube is then connected to the ox>'gen line 
and valve apparatus. Respiration is not ar- 
tificial but is performed in the natural man- 
ner with the rat working against a variable 
pressure water valve. 

The intratracheal tube is constructed of 
plastic tubing^ having an outside diameter of 
0.08 inch (0.20 cm) and an inside diameter 
of 0.045 inch (0.11 cm) (Fig. 1). One end 
is sealed off by rotating in a gentle flame 
and molding with the fingers, and a slight 
point is produced by grinding with an emery 
wheel. Just above the point 3 small holes, 
staggered around the circumference, are cut 
with fine scissors and ground smooth with 

t Trjiusflex, courtesy of the manufacturer. The 
Irvington A arnisli and Insulator Comp.any, Irving- 
ton, X..T. 
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unless the flutter rate before the stimula- 
tion is over 400 per minute." The gradual 
but rapid increase and decline of the auricu- 
lar rate which has been observed in instances 
of auricular flutter during and after vagus 
stimulation'' is very similar to the phenom- 
enon reported here. 

In view of all these facts, it seems that a 
definite decision is impossible and the pres- 
ence of either tj^pe of auricular tachycardia 
cannot be definitely ruled out. 

A paradoxical increase in the formation of 
auricular and ventricular extrasystoles after 
vagus stimulation in the dog following 
intravenous injection of aconitine has been 
described as a regular phenomenon. Intra- 
venous injection of choline preparations had 
the same effect.* The increase in the num- 
ber of auricular extrasystoles in these e.\-peri- 
ments occurred however only after the stim- 
ulation of the vagus; during the stimulation 
only the usual inhibition of the auricles with 
standstill was seen. 

The phenomenon of reexcitation and the 
marked increase of rate of the auricles, dur- 
ing vagus stimulation was used by Lewis 
and his associates in brilliant studies^'®*" as 
one of the more important facts supporting 
the theory of circus movement. The shorten- 
ing of the refractory phase during the stim- 
ulation of the vagus, which may amount to 
more than I/S of the normal, abolishes bar- 
riers in the form of islands of refractory 
muscle in the way of the circulation “hlother” 
wave and causes this wave to use a less 
sinuous path and therefore to circulate faster. 
.Another possibility considered by Lewis 
would be the utilization of another path 
which is shorter than the original one around 
the orifices of the great veins. 

One must concede that the circus move- 
ment theory explains both phenomena, the 
moderate increase of rate during vagus stim- 
ulation, as in the experiments reported here, 
and the appearance of the rates of over 3000 
per minute, better than any other theory.® 

A simple increase of the rate of stimulus 
formation is difficult to accept in view of the 
high rates which occ ur in rapid reexcitation 

TGiiwey, W. -B^hysiot. liev., 1924, 4, 215^ 


and in view of the known inhibitory action 
of the vagus on the heart. Rothberger and 
Winterberg, who explained flutter by a rapid 
stimulus formation in a single center, also 
tried to correlate the phenomenon of rapid 
reexcitation during vagus stimulation with a 
shortening of the refractory period; the finer 
mechanisms however are still unexplained. 
There is no information about the influence 
of vagus stimulation on the formation of 
stimuli in the centers, and it is possible that 
an increase of the rate of stimulus iormation 
during vagus stimulation is a U'pical con- 
sequence of the shortening of the refractory- 
period. 

The obserx'ation that clamping off the 
site of origin of the tachycardia or cooling 
the point of injection of the aconitine abol- 
ished the tachycardia and immediately re- 
introduced sinus rhydhm is of interest in 
connection with the 2 viewpoints regarding 
the mechanism of origin of auricular flutter. 
Still more important is the fact that inter- 
ruption of the cooling causes the tachycardia 
immediately to reappear. These obserx’ations 
are not easily e.\plained by a circus mecha- 
nism. It has been maintained that localized 
circus movements occur and cause localized 
auricular fibrillation which can be interrupt- 
ed by^ clamping off or cooling a small area.® 
The path of such a small circulating wave 
w'as estimated to use a circuit "with a diame- 
ter of only' 2.5 to 3.8 mm." If such a lo- 
calized circus movement exists in these ex- 
periments however, it is hard to understand 
how interruption of the cooling is immediate- 
ly followed by the reappearance of the same 
tachycardia as before. Without the assump- 
tion of a heterotopic focus of stimulus for- 
mation, this observation is difficult to e.xplain. 

Thus, in conclusion, one may state that 
if we are dealing with auricular flutter in 
these experiments, the effect of the cooling 
of the area into which the solution of 
aconitine was injected argues against the as- 
sumption of a circus movement. If we are 
dealing with a heterotopic tachycardia, the 
appearance of an acceleration of rate during 

0 McWilliani, .T. A., Proc. Pot/. Soc., London, Scr. 

B, 1918, 90, 302. 
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partially collapsed lung may be obtained by 
briefly pinching off the rubber tubing lead- 
ing to the water valve. 

O.vygen flow is carefully regulated by 
means of the differential valve on the oxygen 
tank. When the flow is properly regulated. 
ox\-gen bubbles gently through the water 
valve at all times except during inspiration, 
when the flow is temporarily interrupted. 
Even during inspiration there should not be 
much rise of water level in the glass tubing 
of tile valve. 

For satisfactory operation, obstruction of 
the intratracheal tube must be avoided. If 
there is excessive trauma during intubation, 
blood is almost sure to clog the tube. Rats 
that have colds or mild chronic pneumonitis 
should not be used because excess secretion 
clogs the intratracheal tube. Suction or re- 
peated insertion of the stylet will sometimes 


free a clogged intratracheal tubs. 

We have used the method described in 
this paper in more than 300 thoracotomies 
on rats, about 200 of which were pneu- 
monectomies. It has proved satisfactory and 
easy to use once tlie teclinic has been mas- 
tered. Best results were obtaine'd when 
temperature and humidity were moderate. 
Hot, humid days seemed to cause a definite 
increase of the operative mortality rate. 

Siivimary. For performance of intra- 
thoracic operations on the rat pentobarbital 
sodium and scopolamine were found to be 
effective anesthetic agents. A plastic intra- 
tracheal tube was devised for use in such 
operations and has proved to be satisfactory. 

simple water valve apparatus for adminis- 
tration of o-xygen under positive pressure was 
devised for use with the intratracheal tube. 
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Intravasculai- and Intracardiac Pressure Recording in Man: Electrical 
Apparatus Compared with the Hamilton Manometer.' 

Hurley L. Motley, .\ndre Courxaxd, L.ars Werko. D.axud Dresdale, Aaron 
Himmelstein and Dickinson W. Richards. Jr. (Introduced by W. W. Palmer.) 


/'roni thf Vcpnrtm( lit of Mvdicinc, CoUtmhut I 
of tht' CoUnuhot Vitivrr.’^ifu VivisioiK 

.\n electrical apparatus has been used for 
recording blood pressures, (peripheral artery, 
right auricle, right ventricle and pulmonary 
artery), pleural pressure, and mask pressure 
in man. The method was tested for accura- 
cy and fidelity in reproduction of the pres- 
sure tracings by comparison with the Hamil- 
ton manometer' used extensively for the re- 

** Under coutrnct with Ae^o-^^^'die:ll Lnboratory, 
NVripht Field. Dnyton, Ohio. Additional siij>nort 
was provided l>y the Commonwealth Fund and the 
Life Insurance Medical Research Fund Gift for 
Study of Action of Certain C^irdiovatculnr r>m" 5 . 

^ Hamilton, \V. F., Brewer, G.. and Brotmau, I., 
.Ihj. J. Phus'ioJ., 19^4. 107, 4‘27. 

-Cournaiul. A.. Lruison. H. D.. Bloomlield, K. A.. 
Breed. E. S.. and Baldwin, E. de F., Pnor, Soc. 
Exr. Biou AND Meo., 1044. 55. 34. 


utvrrsiiv, otul lltr Chest and ^Tedicnl Servicc'i 
Tielteeue Hospittil, Xeir For/; Cifji. 

cording of right heart pressure.--" Records 
were obtained of simultaneous tracings on 
both S3'stems. permitting a beat to beat stud\- 
(Fig. 1. A and B). A record was also taken 
on the Hamilton manometer with the elec- 
trical recording off (Fig. 1. C). 

The electrical pressure pick-up unit used 
was the Clark Pressure Capsule.^ This cap- 
sule consists of 2 small coils mounted in a 
small round metal case (3S mm in diameter 
and 12.5 mm thick) and separated by a 

a BUiomfii'lil, R. A.. Laiison. IT. B.. Coutnaml, A.. 
Bmd. E. S.. ami Bicliarils. B. AV., .Tr.. .7, CUn. 
Inrr.it.. 1P40. 2o, G30 

i Clark Capsule, tlesigiiod liv .Tames C. Clark. 
AVriglii Field. Barton. Ohio. .Verotronies Ine., 
Camden. Ohio, lieensed to manufacture the capsule. 
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I' Id. 1. 

I’<isi(ivi‘ |ins.'iirc \v;ifcr vnivc, iiitnu-lioal tiilu' 
aiid iriftliod <if foiiiicctioii. The test fiiljc is con- 
vi'iiii'iitlv stiinmiti'd by !i burot iittiifhcd to a 

fitifr stand. See text. 

a small dental burr. A cuff of rubber tubing 
is placed tvitli its lower edge 26 mm above 
the tip, in order to prevent insertion of the 
tube beyond the carina. A similar piece of 
tubing is slipped over the upper end of the 
plastic tube to scr\-e as a connector and 
both are cemented in place with rubber ce- 
ment. A stiff wire stylet is used during in- 
sertion. 

Intubation must be done under direct vi- 
sion in the rat owing to the e.xtreme mobility 
of the laryngeal structures. A satisfactory 
“laryngoscope" can be a bivalve electric 
otoscope with half of the objective removed 
or an ordinary electric otoscope with the 
objective cut in half lengthwise (Fig. 2). 
The anesthetized rat is placed on its back on 
a rat board, the tongue is pulled well out, 
the upper jaw is held down by a loop over 
the front teeth and the tube is inserted be- 
tween the vocal cords with the aid of the. 
converted otoscope. 

The positive pressure apparatus consists of 
a simple water valve (Fig. 1). A large test 
tube about 20 cm long is fitted with a 2-hoIed 
rubber stopper and filled about two-thirds 


full of water. A glass tube about 6 mm in 
outside diameter slides through one of the 
holes in the stopper; the depth of immersion 
of the tube determines the amount of positive 
pressure. The second hole in the stopper 
allows escape of the excess gases. A centi- 
meter scale marked on (he side of the test 
tube allows exact settings. A glass Y tube 
completes the apparatus. One arm is con- 
nected to the differential valve on the oxygen 
lank, the second arm is connected to the 
water valve and the base of the Y is con- 
nected to the rubber tubing on the end of 
the intratracheal tube. It is very important 
to keep the last connection short in order 
to reduce the amount of phj’siologic dead 
space created by the intratracheal tube. 

In using the apparatus a positive pressure 
of I to 2 cm of water is used until the thorax 
is about to be opened. For pneumonectomy 
or any operation in which maintaining a 
fully expanded lung is not important, the 
pressure is increased to 5 or 6 cm of water 
during the period when the thorax is open. 
If continued full e.xpansion of the lung is 
desired, a pressure of 7 to 8 cm of water is 
necessary but this sometimes causes leakage 
of air into the mediastinum or the opposite 
pleural cavity, so that the lower pressures 
are generally more practical. Inflation of a 



of tlic hitmtraelie.nl tiilie. Most of the top half of 
the objective lias been cut aivaj- to form a niini.n- 
tnre ‘ ‘ biryiigoseopo. ’ ’ 
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idated Engineering Corporation, Serial No. 
3341). 

2. Amplifier (Consolidated Engineering 
Amplifier, 4-channel t^iie 1-106, Serial No. 
3123, and Oscillator, carrier tj^ie 2-104B, 
Consolidated Engineering, Serial No. 2983). 

3. Recording camera (Oscillograph, re- 
cording, type 5-101.‘\, Consolidated Engineer- 
ing, Serial No. 4775). 

By changing the amplification a wide range 
of pressures could be measured without go- 
ing off scale. Large deflections of the trac- 
ings could be secured for any pressure range 
encountered, and the amplification adjust- 
ment could be made quickly by turning a 
dial as needed. The calibrations for the elec- 
tric recordings were linear for any given 
amplification setting and capsule, and re- 
mained constant from day to day. 

To record blood pressure, the Clark Cap- 
sule was filled with airless mineral oil on 
the side attached to a 3-way stopcock and 
connected to an arterial needle or a cardiac 
catheter, in order to maintain a continuous 
fluid system, (sodium citrate or saline solu- 
tions in the capsule produced enough elec- 
trolysis so that the balance of the bridge be- 
came unstable). The bridge was balanced 
and the zero lines recorded at the beginning 
and end of each tracing taken. This proce- 
dure prevents errors in base line which might 
be made due to voltage drop, resistance 
changes, or drifts. Usualh', when the base 
line did change due to one of the above 
factors, the deflection was of small magni- 
tude. The Clark Capsule can be attached 
very closely to either the intraarterial needle 
or the cardiac catheter without need for lead 
tubing. 

.\ Sanborn Cardiette was attached to the 
recording oscillograph using the amplifier of 
the Cardiette and one of the galvanometers 
in the oscillograph, for simultaneous record- 
ing of the ECG with the pressure tracings. 
Tests on conduction as measured b\" simul- 
taneous recording of a pressure wave and 
ECG impulse showed a lag of .005-.01 sec- 
ond for the pressure wave as compared to 
the ECG. Similar tests on the Hamilton 
apparatus showed a lag of .01 second.'* 


TABLE I. 




Hamilton 

Electrical 

Arterial 

Svstolic 

1G6.S 

16G.1 

Him Hg 

Diastolic 

108.2 

107.7 

Mean 

133.0 

133.0 

Right Ventricle 

Svstolic 

30.0 

30.S 

Him Hg 

Diastolic 

6.9G 

7.12 

Mean 

11.5 

12.0 

Pleural 

Max. 

-l-l.G 

-M.4 

mni Hg 

Min. 

—3.0 

— 2.0 

Mean 

-fO.o 

-l-O.G 

Mask 

Max. 

9.0 

10.0 

mill Hg 

Min. 

2.0 

2.0 

Mean 

4.0 

5.0 


Pressure tracings (brachial arterj' and pul- 
monary arterj') and ECG lead II taken si- 
multaneoush' on a cardiac case with left 
'bundle branch block and an irregular heart 
beat, are shown in Fig. 1, D. 

The pressures were carefully measured 
beat by beat as recorded by the electrical 
and Hamilton methods simultaneously for 
12 consecutive corresponding heart beats as 
shown in Fig. 1, A and B. The 2 sj'stems 
were connected for simultaneous recordings 
b\' the use of a modified 3-way stopcock. 
.A comparison was also made of pleural and 
mask pressures on the 2 sj’stems. Inspec- 
tion of Fig. 1, A and B, shows the general 
shape of all tracings on the 2 systems to be 
quite similar. The average quantitative val- 
ues for the 2 systems are shown in Table I. 

When the electrical system was cut off 
there was no significant change in the Ham- 
ilton recording either in shape of tracing or 
pressure values, as shown in Fig. 1, C. 

It is beyond the scope of this report to 
discuss whether the blood pressure tracings 
obtained through the cardiac catheter and 
intraarterial needle are true records of pres- 
sure variation within the heart cavity and 
large arteries. Pressure tracings whether re- 
corded with the electrical pickup or a Ham- 
ilton type may be modified by (a) artifacts 
due to movement of the tip of the catheter 
or of the catheter itself within the heart, 
(b) small volume changes in the catheter 

■i Courii.niia, A., Itotloy, H. L., Hiramclstcin, A., 
Drcsdnle, D., .iml Riclmrds, B. tV., Jr., Pr.oc. Soc. 
Exr. Biol. .o;d Med., 1940, C3, 14S 
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A~OR*CHIAl. AXTCRy. RV^BIGHT VtHTBlCLC, PA= PULMONAHV ARTtRy j 

P=PLCUR*. M= MASn. • j 

ALU PBESSORtS W MM. MG J 


Fio. 1. 

Klec'trical and Hamilton Pressure Recordings. 

A. From al)ovo doivnnard, braeliial :irterv pressure, intra-pteural pressure, rigid ventricle 
pressure and face mask pressure. Patient breathing with an intermittent positive pressure 
respirator. Artificial pncuinotliora.v previously present connected for pressure recording. Elec- 
trical recordings made simultaneously with the Hamilton given below and 12 consecutive cor- 
responding heart beats shown, both arteri.nl and right ventricle pressure pulse waves, the latter 
being numbered for ease in identification. 

B. From above downward, intra-pleural pressure, face mask pressure, braeliial artery 
pressure, right ventricle pressure and EC'G lead If. Hamilton manometer recording made simul- 
faneoii-sly witli the electrical recording in A on the same patient. 

C. Hamilton manometer recording alone on the same patient as above, but with the electrical 
appar.ntus disconnected. Tracing taken just previous to A ami B sliown above. Pressure 
tracings and EC'G in the same order ns in B above. 

p. Klectrienl recording of braeliial artery pressure '(upper) and pulmonary arferi' (lower) 
with simultaneoiis ECG lend II in a cardiac patient with both systemic .and pulmonary hyper- 
tension and a left bundle branch block. 


diaphragm of varying thickness, depending 
on the pressure sensitivity required. The 
coils carrying a 1000 kc current on each side 
of the diaphragm of the capsule are balanced 
in the circuit of a bridge. When the 2 coils 
are properly balanced in the bridge a gal- 
vanometer connected through an amplifier 
for recording is set on the camera screen at 
desired zero point. When pressure is av- 


erted on one side of the capsule, a slight 
movement of the diaphragm occurs which 
alters the magnetic reluctance, creating an 
electrical imbalance of the bridge, which is 
amplified and the resulting galvanometer de- 
flection recorded on an oscillograph type re- 
cording camera. 

Electrical parts used: 

1. Bridge (Balance tjqie 3-103B Consol- 
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idated Engineering Corporation, Serial No. 
3341). 

2. Amplifier (Consolidated Engineering 
.A.mplifier, 4-channel U'pe 1-106, Serial No. 
3123, and Oscillator, carrier t\-pe 2-104B, 
Consolidated Engineering, Serial No. 2983). 

3. Recording camera (Oscillograph, re- 
cording, tj-pe 5-101.4., Consolidated Engineer- 
ing, Serial No. 4775). 

By changing the amplification a wide range 
of pressures could be measured without go- 
ing oft' scale. Large deflections of the trac- 
ings could be secured for any pressure range 
encountered, and the amplification adjust- 
ment could be made quickly by turning a 
dial as needed. The calibrations for the elec- 
tric recordings were linear for ani' given 
amplification setting and capsule, and re- 
mained constant from day to day. 

To record blood pressure, the Clark Cap- 
sule was filled with airless mineral oil on 
the side attached to a 3-way stopcock and 
connected to an arterial needle or a cardiac 
catheter, in order to maintain a continuous 
fluid system, (sodium citrate or saline solu- 
tions in the capsule produced enough elec- 
trolysis so that the balance of the bridge be- 
came unstable). The bridge was balanced 
and the zero lines recorded at the beginning 
and end of each tracing taken. This proce- 
dure prevents errors in base line which might 
be made due to voltage drop, resistance 
changes, or drifts. Usually, when the base 
line did change due to one of the above 
factors, the deflection was of small magni- 
tude. The Clark Capsule can be attached 
ver}’’ closely to either the intraarterial needle 
or the cardiac catheter without need for lead 
tubing. 

.4 Sanborn Cardiette was attached to the 
recording oscillograph using the amplifier of 
the Cardiette and one of the galvanometers 
in the oscillograph, for simultaneous record- 
ing of the ECG with the pressure tracings. 
Tests on conduction as measured by simul- 
taneous recording of a pressure wave and 
ECG impulse showed a lag of .005-.01 sec- 
ond for the pressure wave as compared to 
the ECG. Similar tests on the Hamilton 
apparatus showed a lag of .01 second.'* 


T.ABLE I. 




Hamilton 

Electrical 

Arterial 

!?rstolie 

ICfi.S 

166.1 

nim 

Diastolic 

10S.2 

107.7 

Mean 

133.0 

133.0 

Right VeJitrielc 

Svstolie 

30.0 

30.S 

mm Hg 

Diastolic 

0.06 

7.12 

Mean 

11.0 

12,0 

Pleural 


4-1.6 

4-1.4 

mm Hg 

Atin. 

—3.0 

—2.0 


Jte.an 

-fO.5 

-r0,6 

itask 

Max. 

0.0 

10,0 

mill Hg 

Min. 

2.0 

2.0 

Mean 

4.0 

.5.0 


Pressure tracings (brachial artery and pul- 
monarj- arten-) and ECG lead II taken si- 
multaneously on a cardiac case with left 
'bundle branch block and an irregular heart 
beat, are shown in Fig. 1, D. 

The pressures were carefully measured 
beat by beat as recorded by the electrical 
and Hamilton methods simultaneously for 
12 consecutive corresponding heart beats as 
shown in Fig. 1, .4 and B. The 2 sj'stems 
were connected for simultaneous recordings 
by the use of a modified 3-way stopcock. 
.4 comparison was also made of pleural and 
mask pressures on the 2 systems. Inspec- 
tion of Fig. 1, .4 and B, shows the general 
shape of all tracings on the 2 systems to be 
quite similar. The average quantitative val- 
ues for the 2 systems are shown in Table I. 

When the electrical si'stem was cut on 
there was no significant change in the Ham- 
ilton recording either in shape of tracing or 
pressure values, as shown in Fig. I, C 

It is beyond the scope of this report to 
discuss whether the blood pressure tracings 
obtained through the cardiac catheter and 
intraarterial needle are true records of pres- 
sure variation within the heart caHty and 
large arteries. Pressure tracings whether re- 
corded with the electrical pickup or a Ham- 
ilton U-pe may be modified by (a) artifacts 
due to movement of the tip of the catheter 
or of the catheter itself within the heart, 
(b) small volume changes in the catheter 

-< Cournnna, A., ilotler. H. L., Himmelstcin, A., 
Dresdale. D., .ind Eiclcnrds, D. TV., Jr., Peoc. SoC- 
Exp. Bioi.. AND ilED., 1S146, 03, 14S 
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A-BRACHIAL ARTCRT. B.V«BIOHT VEHTBICLC. PAe PULMONARY ARTERY. 

PsPLCURA. M= MASK • 

ALL PRESSURES IN MM. HO _ 


I'lG. 1. 

ISlpctriciil and IlniiuUon I’rPssurc licoordings. 

A. From above downward, brachial artery pressure, intra-pleural pres-sure, riglit veatricie 
pre.ssuro and face mask pressure. P.atient breatliing witli an intermittent positive pressure 
respirator. Artificial pneuinotlioraN previously present connected for pressure recording. Elec- 
trical recordings made simultaneou.sly with the llaniilton given below and 12 consecutive cor- 
responding heart beats shown, both arterial and right ventricle pressure imlse waves, the latter 
being numbered for case in identification. 

B. From above downward, intra-pIeural pre.ssure. face mask ]wessure, brncliinl artery 
pressure, rigid ventricle pressure and EGG lead II. Hamilton manometer recording made simul- 
taneously with the electrical recording in A on the same patient. 

C. liamilton manometer recording alone on the same patient as above, but with the electrical 
apparatus diseonnected. Tracing taketi .iust previous to A and B shown above. Pressure 
tracings and ECG in the same order as in 11 above. 

D. Eleetrieal recording of brachial artery pres.siire '(upper) and pulmonary artery (lower) 
with simultaneous ECG lead II in a cardiac patient w-ith both systemic and pulmonary hyper- 
tension and a left bundle branch block. 

diaphragm of varying thickness, depending 
on the pressure sensitivity required. The 
coils carrying a 1000 kc current on each side 
of the diaphragm of the capsule are balanced 
in the circuit of a bridge. When the 2 coils 
are properly balanced in the bridge a gal- 
vanometer connected through an amplifier 
for recording is set on the camera screen at 
a desired zero point. When pressure is ex- 


erted on one side of the capsule, a slight 
movement of the diaphragm occurs which 
alters the magnetic reluctance, creating an 
electrical imbalance of the bridge, which is 
amplified and the resulting galvanometer de- 
flection recorded on an oscillograph type re- 
cording camera. 

Electrical parts used; 

I. Bridge (Balance type 3-I03B Consol- 
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Swabs and membrane of the tonsillar ulcer 
of each patieirt, together with his saliva, were 
rubbed onto the scarified cornea of a rabbit. 
None of the 12 rabbits developed the acute 
keratoconjunctivitis characteristic of an in- 
fection with the virus of Herpes Simplex,’ 
or survived a challenge dose of this virus 
when given intracerebrally after an interval 
of about 3 weeks. Neutralization tests done 
with early and convalescent sera of these pa- 
tients against a standard (HF) strain of 
herpes showed that those patients with ab- 
sence of antibodies during the disease did not 
develop them in convalescence, while those 
with neutralizing antibodies in the acute se- 
rum did not show a rise of titer in the con- 
valescent serum. 

Technics. Those used for virus and for 
antibody studies were identical with standard 
methods as used by the authors in a previous 
study.’ 

Discussion. It has been shown that the 
common form of acute infectious gingivosto- 
matitis as seen most frequently in children 
and occasionally in adults is due to. a primary 
infection with the virus of Herpes Simple.x. 
Since the etiology of this disease was in the 
past frequently ascribed to I'incent’s organ- 


isms. although it is now known that it is 
caused by the virus of Herpes Simple.x, a 
study was undertaken to determine whether 
the so-called Vincent’s angina of the tonsil 
was also caused by this virus with the 
spirochete-fusiform combination acting as 
secondary invaders. In the 12 patients with 
Vincent’s angina of the tonsil here studied, 
neither was the virus demonstrated in the 
membrane or saliva, nor did neutralizing an- 
tibodies against Herpes Simplex virus ap- 
pear during convalescence. These facts, to- 
gether with the striking effect of penidllin" 
in this disease, would negate any etiologic 
role of Herpes Simplex virus and is suggestive 
of a primary etiological role of the spirochetes 
themselves. 

Summary. A study of 12 typical cases of 
Vincent's tonsillar angina showed that none 
of the cases were caused by an underlying 
infection with the virus of Herpes Simplex. 

Pciuiy, E. E., St.nllcDberger, P. H., nJid 
Pyle. It. D., .T. OJ;Ialiomn .IT. A., 3P44, 37, 193; 
!>. X.ncgoli, P. C., and Morginson, \T. J., ,T. Am. 
Dental Asmi., 1945, fi2, 1393; c. .‘jliellenbergcr, 
P. L., Penny, E. E.. .and Pyle, H. T>., J. A. 31. A., 
' 1943, 128, 70G; d. Scbw.irtz, B. 3L, J. A. IT. A.. 
1945, 128, 704. 
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Effects of Some Old and Proposed Anticonxmlsants on the Threshold for 

Electrical Gon^'ulsions. 


Wei-Chaxg Chu akd Robert L. DEn-ER. 
rrnm the Dcpartvuiil of Fhannacolngy and TherapenKes. Stanford Vnirersily Schonl of 
llcdicine, San Franciico. Calif. 


Desirable improvements on diphenyl- 
hvdantoin and other anticonvulsants in the 
treatment of epilepsy have stimulated the 
investigation of a large number of compounds 
with the hope of finding some agent which 
would prevent or mitigate epileptiform 
seizures without undesirable side effects. 

Method. One of the methods used in 
thpe studies has been the production of 
epileptiform convulsions b}' passing an elec- 
trical current of varjdng amperage through 
the brains of animals. The threshold in 


miliiamperes (m.a.) for each animal is de- 
termined before (control) and after the ad- 
ministration of the drug to be tested, the 
difference being considered a measure of the 
effectiveness of the drug as an anticonvulsant. 
The method has been described in detail bv 
Spiegel,’ Putnam and IMerritE and Tainter 


’ Siiiegi'l, E. A.. .7. Zalt. and Clin. Med.. 1937 
22. 1274. ’ 

= PutMiu, T. ,T., and llemU, H. H.. Science. 
1937, S5j 525. 
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due to its dehrmahiUty, and (c) Ion- damp- 
ing frequency of the entire hydraulic system 
ranging from 12 to 40 cycles per second. 
The volume change in the Clark Capsule is 
slightly larger than in the Hamilton type 
of capsule, for a given pressure alteration. 
This might affect slightly the form of the 
pressure tracing. In so far as can be de- 
termined by comparison with the Hamilton, 
however, the Clark Pressure Capsule appears 
to be adequate for the purpose of measuring 
.sj'stolic. diastolic and moan blood pres.siires 
(Fig. I). 

The advantages of the electrical recording 
device are: (a) the indefinite use of the 
capsolc membrane, (b) the constancy of the 
linear calibrations, (c) the ease of rapid ad- 
justment of the amplification in order to 
meet any pressure range, as required by dis- 
placement of the catheter from right ventricle 
to the right auricle, etc., (d) the absence of 
lead tubing, (e) the more rapid recordings 
and (f) better control of the base lines. The 


disadvantages are: (a) the slightly larger 
volume change required in the Clark Pres- 
sure Capsule per unit of pressure change, as 
indicated above, (b) the high cost of the 
electrical amplification equipment as used in 
this stud}’. The apparatus as described here 
for amplification has a much wider range 
than is necessary for blood pressure record- 
ings. B\' further modification of this type 
apparatus, to meet the special needs of blood 
pressure recording, it should be possible to 
overcome these disadvantages. 

Summary. 1. The Clark Capsule, an elec- 
trical pressure pickup device, has been found 
satisfactory for recording blood pressures 
from the right heart, pulmonary arter^v, sys- 
temic arteries, pleural and mask pressures 
in man. when used with a suitable amplifica- 
tion and recording device. 

2. The tracings recorded with this ap- 
paratus compare closely with those obtained 
simultaneously with a Hamilton manometer 
system. 


15757 

Evidence that Virus of Herpes Simplex Does Not Cause Vincent’s Angina 

of the Tonsil.* 


.‘\lex J. Steigman* and Thomas F. IMcNair Scott.* (Introduced by W. Henle.) 


The etiological role of the virus of Herpes 
Simplex in acute infectious gingivostomatitis 
has been established.^ Not infrequently the 
Plaut-Vincent spirochete and the fusiform 
bacilli are also present, perhaps as secondary 


‘ Woiti done ivl)il(> sorviiig ivifli thr .Ijiifiicaii 
Red Cross Field llospitnl I'liit, S.-ilislmrv, En^claiid, 
1041 - 1942 . 

t Dcpartnu'iit of Pediatrics, Temiile X’liiversity 
Medical -Seliool, Pldl.-idciplii.'i, P.a. 

t The Cliildreu’s Ilospit.-il of Pliil.adelpliia (Be- 
p.arfincnl of Pediatries, University of Peiiiisyl- 
vanin), Fiiil.'idelpld.a, Pa. 

la. Podd, Katlieriiie, Biiddingli, .Tolm, .and 
.Tolmston, Lcland, Jm. J. Pi.s. ChiM., 1939, 58, 907; 
1) Bmnef, F. lU, and WiVhims, S. W., 3/. -I- -Iti.s- 
1939, 1, 037; e. Scott, T. P. McNaW and 
Steigmaii, Alex J., J. -d- iV- 1941, H*, -S- * 
d. Black, IV. a, .7. Fcdiat., 1942, 20, 14o. 


invaders, and prior to proof that the virus 
of Herpes Simplex was responsible, the 
spirochete-fusiform bacilli were regarded bj' 
some as causal. Thus, the disease was often 
called Vincent's gingivostomatitis. 

It seemed worthwhile to investigate wheth- 
er or not the virus of Herpes Simplex had 
anj- underh'ing causal role in Vincent’s ton- 
sillar angina. Each patient studied had a 
typical unilateral, craggy, 3 'ellowish ulcer- 
ated tonsil with membrane and foul odor. 
There was local adenopath}* and low, if any, 
fever. iManv Vincent’s spirochetes and 
fusiform bacilli were seen on smear; no 
/3-hemolytic streptococci or C. diphtheriae 
were cultured and no evidence of syphilis 
or infectious mononucleosis demonstrated. 

Twelve j'oung British soldiers (18 to 35 
years of age) had the above typical picture. 
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and associates.-* We used the technical ar- 
rangement described by Tainter and asso- 
ciates.® 

In this arrangement, a high resistance 
stimulator and a 110-volt, 60-cycle, alternat- 
ing current are used. In making a determina- 
tion of cortical threshold, the transformer is 
set to give the voltage required for the de- 
sired m.a. of current, the electrodes (clamps) 
are clipped on the ears of the rats, and the 
stimulus is applied for exactly 10 seconds. 
In rabbits one electrode is applied to a bit 
in the mouth, and the other electrode to a 
small sponge-rubber pad resting on the 
clipped occipital skin moistened with saline 
solution. With currents below the threshold 
level there are generalized muscular contrac- 
tions, si’nchronous with the current (tonic 
phase). At or above the threshold levels the 
tonic phase passes gradually into the clonic 
or epileptiform phase. The stimulation in 
rats is usually begun with a current of 6 m.a. 
(in rabbits, 14 m.a.), and is repeated at- 
S-minute inter\-als increasing the amount 
2 m.a. each time until the threshold value 
is reached. This value remains practically 
unchanged for the purpose at hand, since it 
is reproducible within 1 to 2 m.a. when 
determinations are repealed at intervals of 
several days. Frequent, c.g., consecutive 
daily, stimulations, however, tend to produce 
higher thresholds. Therefore, the animals 
are always allowed to rest 3 to 5 days before 
a drug is administered and the threshold re- 
determined. This procedure has been used 
routinely for several years in this department 
on hundreds of animals and with numerous 
drugs, and therefore, results, even with small 
groups of animals, are of significance in 
screening tests. 

Employing this technic, a number of old 
agents and some proposed anticonvulsants 
were studied and the findings are reported 
in this paper. The test animals were chiefly 
adult white rats (total 185) with control 
thresholds ranging from 6 to 16 m.a. (aver- 

Trainter, M. L., T.-iintaTiTa, Lawrcno^ W. S., 
Xeuru, E. N., Lackey, E. W., Luduena, P. P., 
rvirtlaiul, H. B., and Gonzales, E. I., /. Fharm. 
.171(1 Exp- Thcrap., 1943, 79, 42. 


age, 8 m.a.). A few rabbits (total 25; 
3 to a drug) were used for intravenous in- 
jections. Their thresholds usually were high- 
er than in rats, ranging from 14 to 28 m.a, 
(average, 18 m.a.), although the results with 
the drugs used were similar to those obtained 
in rats and are described together. The 
drugs were given by various routes 5^ to 1 
hour before redetermination of the threshold, 
a change in which was not considered sig- 
nificant when, because of individual varia- 
tions, it did not exceed the control threshold 
by more than 10%. When drugs were given 
gastrically, food was withdrawn from those 
animals one day previously. In the majority 
of tests, 5 rats were used for each drug and 
each dose, and occasionally up to 20 w-ere 
used. The results obtained in rats with com- 
pounds which gave positive anticonvulsant 
activity are given in Table I, 

Positive Agents. Demerol (isonipecaine, 
meperidine or pethidine) and propazone^ 
were found to be effective only in e.xcessive 
doses, as was methyl-N-hexylhydantoin (Ta- 
ble I). Of the other new hydantoins* studied, 
only 2, namely, methyl-N-amylhydantoin and 
di-isobutyl-hydantoin, showed any promise, 
and of these the former rvas effective only in 
doses which caused slight but definite ataxia. 
There was less ataxia with higher doses of 
di-isobutyl-hydantoin, but there rvas more 
variability, suggesting that cortical excita- 
bility did not decrease proportionately with 
increase in dosage of the drug. In general, 
this drug seemed somewhat comparable to 
d iphenylhydantoin . 

Negative Agents. Tests were also made 
with the follow'ing drugs of the curare group: 
curare (2.5 to 5.0 mg per kg intramuscular- 
ly), ,ff-erythroidine (10 to 400 mg per kg 
hypodermically; 50 to 800 mg per kg gas- 
trically), dihydro-yS-erythroidine (10 to 100 
mg per kg hypodermically; 10 to 30 mg per 
kg intravenously) and quinine ethochloride 
(4 to 100 mg per kg hypodermically). These 

■I Luton, F. IL, Blalock, J., Baxter, .T. H., Jr., 
and Stoughton, E. tV., Proc. Soc. Exp. Biol, and 
Med., 1941, 47, 245. 

* Obtained from Dr. Melrillc Sahyun, Frederick 
Stearns & Co., Detroit, Mich. 
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(Inij;- iliil nut r.ii-e the thre.-iinld, (.'xccpt in 
(•\{T'.->ivr lioHS ivliicli caus'd incomplete 
p.iraly-'i-'. or lonvidsions. With asympto- 
inalii- ilo-!s liire.-Iioids were iiiiclianscd or 
even decrea'cd (po.-siide excitatory action ol 
aiioxeiiii.i). riie.'e resnlts did not support 
llie cl.iitii that the curare jtroup of druus exert 
,1 ii/iitral depre.'.'ant action.'^ 

'I he f.'eneficial effects of certain dyes on 
patient', rejxjrted by ditferent authors,*' sug- 
gested studies of these agents, but trials with 

heuialoxviin {1.5 g pc' 

■ i' d red (each 5Q are: per hg intravenously),, 

neutral red. phene! re,! and ntethy! red (each 

resulted in 
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- . i' s '.ji,'; K. I’., i’KOC. Soc. 
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Osjjood, It., and Itobiii- 

, ■ .x iV.v/ii.i(., 103S, -to, 1178; 

. i’,'i/e/iuit., 1930, -12, 700. 


Other agents which were found to be with- 
out anticonvulsant activity were ammonium 
thiocyanate (0.1 g per kg gastrically), mag- 
nesium sulfate (0.7 g per kg intraperitoneal- 
ly), theophylline sodium acetate (50 rag per 
kg hypodermically) and glutamic acid (0.1 
to 0.2 g per kg hypodermically). Voluntary 
drinking of dilute acid (0.5% HCl) and of 
dilute alkali (1% NaHCOa or 0.01% N.aOH) 
for 6 days, in place of drinking water, also 
proved ineffective. 

-A decrease in threshold of about 30% 
was obtained by depriving rats for 6 days of 
either W'ater or food or both. 

Suiiiiiiary. Over 400 tests were made in 
210 animals with 23 different agents on the 
threshold for electrical convulsions, chiefly 
in while rats; a few in rabbits. Of 3 new 
hydantoins studied, di-isobutyl-hydantoin 
was the most promising, being somewhat 
comparable to sodium diphenylhydantoin in 
high doses. .Among the ineffective agents 
were 4 drugs of the curare group, alleged 
central depressants, and 5 different dyes, in- 
cluding hemato.xylin and vital red, alleged 
antiepileptic agents. 
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, , hut impracticability of a 
the treatment of patients 
■' ' ^ -.yV'-Mic seizures suggested the 

' ' ■ ' of fn' ' . arbohydrate 

' s. With 

■ ' ' . , nts were 

■.\ ■' ■ ' convul- 

. ' * electric_ 

. bra;-' •3^- 


summary of the essential features of this 
method, adapted to rats, is given in a previ- 
ous paper by Chu and Driver,- and need not 
be repeated here. 

The control threshold, which ranged from 
6 to 16 milliainperes (m.a.) (average, 8 m.a.), 

1 Taiuti'r, it. L., Tainter, E. G., Lawrence, tV. S., 
Xcuru, E. N., Lackey, K. tV., Lmlueila, F. P.. 
Kirtlaiid; 11. B., and Gonzales, E. I., /. Pluinn. iiiul 
' -V/I. Themp., 1943, 79, 42. 

Chu, TV. C., and Driver, E. L., Pkoc. Soc. Exp. 

-VND ilED., 1947, C4, 243. 

•’S ’ 
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T.UJLE I. 

Tsoproi)yl Altdliol :ui4 Kctcigcns tin 'Ehreiliolds f or Eleetriyul C'mwulaioiis ai'd Ul pheuylliYtiautolu. 

ileaii 


Compnund' 

No. of 
rats 

Dose, 

lug/kg 

Route of 
adminis- 
trationf 

Ur 

before 

test 

change in 
threshold, 
ni.a. j 

.S.E. of 
mean, 
m.a.^ 

Avg iiuT. in 
tlirealiold. 
Vc 

Aeetone 

5 

1250 

Cr 

1 

-r 1.4 

±0.S0 

40 

» y 

5 

» y 

G 

4 

+ 1.2 

-*-0.55 

14 

-Veetopheiume 

A* 

} y 

G 

1 

-r 7.3 

2:0.00 

87 

Eth.vl acetoaei'tate 

5 

f t 

G 

1 

-i- 1.0 

2:0.75 

15 

Meth.vl alcohol 

5 

y y 

G 

1 

-r 4.4 

±0.82 

41 

EtliN'i 

5 

y y 

G 

1 

-h 2.S 

“*-0.S0 

20 

Propyl ’ ' 

o 

y y 

G 

1 

-t 3.2 

±1.10 

26 

Isojiropyl ’ ’ 

5 

y y 

G 

1 

-r 7-2 

'±0.85 

82 

f T * f f 

o 

y y 

G 

•> 

-j- 4.S 

-4-0.02 

57 


4 

t y 

G 

4 

- -p 7.0 

-+-1.40 

75 

' ’ bromide 

5 

y y 

G 

1 

+ 2.S 

-I-0.S7 

32 

Diacetone alcohol 

5 

y y 

G 

1 

+ 4.S 

±0.51 

55 

’ ’ glye'ol 

5 

y y 

G 

1 

-f 6.0 

-*-0.05 

71 

Sodium diplieny Umlaut oin 

5 

40 

G 

1 

4- 0 

±0.25 

0 

» > ’ J ♦ * 

5 

150 

G 

•> 

+ 1.2 

-4-0.53 

13 

r * » * 

5 

40 

rv 

1 

4- 1.0 

±0.50 

10 

' ' t y 

4 

100 

IV 

1 

4- 3.3 

±0.60 

41 


4 

40 

l.\I 

•> 

4- 0 

±0 

0 


o 

100 

IM 

O 

4- 1.0 

±0.45 

11 


5 

150 

IM 

O 

4- 2.0 

-4-0./ 0 

23 


5 

40 

G 

1 

4- 4.4 

±0.42 

40 

-i- ethyl alcohol 


1250 

G 

1 




Sodium diphenylh.vdantoiu 

3 

40 

r' 

1 

4-12.2 

±2.02 

115 

isopropyl alcohol 


1250 

G 

1 





* An insoluble eompouiul was administcretl as a sasponsion or ciijulsinn. 

♦ G — gastrically; IV — intrsivonously ; [J[ — intramuscularly. 

; 2 rats died. 

4 Milliainpcres. 


was established for each rat at least 4 days 
before testing the effect of a compound. The 
substance was administered at a given time 
before the test, and the threshold redeter- 
mined. The difference in the thresholds so 
obtained was taken as a measure of the ef- 
fectiveness of the medication, and. because 
of individual variations, had to e.xceed 10% 
to be considered significant. Food was with- 
drawn from all animals the night before the 
day of the test. The results (average % 
changes) including the standard errors 
(S.E.), with a number of positive agents 
and combinations are given in Table I. A 
total of 265 rats was used, in groups of 5 
for each agent or combination in the ma- 
jority of tests. 

Isopropyl Alcohol and Other Ketogens. 
The results in Table I indicate that a num- 
ber of compounds e.vceHed sodium diphenyl- 
hydantoin as an anticonvulsant. Of par- 
ticular interest were the compounds closely 
related to acetone in chemical structure. Of 
these, isopropyl alcohol, which exerted a tre- 


mendous anticonvulsant effect without ataxia 
or narcosis, proved to be one of the most 
promising. The dosage used, i.c., 1250 mg 
per kg, was only about one-fourth the an- 
esthetic dose. The animals were somewhat 
quieter than normals, but their reflexes and 
voluntarj- locomotion were preser\-ed. Three 
months later all were alive and in good con- 
dition. The safeness of this agent for oral 
use has been reported by Harris.-"-^ Bough- 
ton,^ comparing the relative toxicit 3 ' o* eth^'l 
alcohol and isopropjd alcohol in rats given 
5% solutions of these alcohols for 9 months, 
concluded that isopropyl was only slightly 
more toxic than eth 3 d alcohol. Lehman and 
Chase,® studying the acute and chronic to.x- 

3H.-irris, L. E., Drug atul Cosmetic IiiA., 1944, 
O-i, -i-i, 

r Harris, L. E., J. Am. Pharmaceutical Assn., 
Pract. Pliarm. pet., 1944. 5, 3S. 

^Boughton, L. L., J. Hm. Pharmaceutical Assn., 
1944, 33, 111. 

G Lehman, A. J., and Chase, H. F., J. Lah. and 
Clin. JIffJ., 1944, 29, 591. 
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drugs did not raise the threshold, except in 
excessive doses which caused incomplete 
paralysis, or convulsions. With asympto- 
matic doses thresholds were unchanged or 
even decreased (possible excitatory action of 
anoxemia). These results did not support 
the claim that the curare group of drugs e.xert 
a central depressant action."’ 

The beneficial effects of certain dyes on 
patients, reported by different authors,'' sug- 
gested studies of these agents, but trials with 
heniato.xylin (1.5 g per kg), congo red and 
vital red (each 50 mg per kg intravenously), 
neutral red, phenol red and methyl red (each 
50 mg per kg intraperitoneally) resulted in 
no change in threshold. 

•■■fuller, JO. A., I’roc. .Im. I’liysinl. Soc., llCt'.l, 
p. oU; i’eitelbi'i'g, .S., uiul I’iek, 10. I’., Puoc. Soc. 
Exp. Biol, a.vo ilEO., 1 ‘ Jie , tft, G~j4; Jtiirvoy, 
it., auit ilaalaiul, J{. I., Plmnit. and JCxp. 
Thrmp., 1941, 73, 304; Pick, E. P., aad Uiina, K., 
J, Pliarin. and Exp. Ihcrap., 194, I, 83, 59. 

<5 Cobb, S., and Cohou, It. JO., .Ircli. Xcitrol. 
Psychiat., 1938, -40, 1130, • Osgood, Jt., and Itobin- 
sou, L. J., Arch. Xcurol. Psychiat., 1938, 40, 1178; 
Aird, E. B., Arch. Xcurot. Psychiat., 1939, -1-, 700. 


Other agents which were found to be with- 
out anticonvulsant activity were ammonium 
thiocyanate (0.1 g per kg gastrically), mag- 
nesium sulfate (0.7 g per kg intraperitoneal- 
ly), theophylline sodium acetate (50 mg per 
kg hypodermically) and glutamic acid (0.1 
to 0.2 g per kg hypodermically). Voluntary 
drinking of dilute acid (0.5% HCl) and of 
dilute alkali (1% NaHCO.-, or 0.01% NaOH) 
for 6 days, in place of drinking water, also 
proved ineffective. 

.-V decrease in threshold of about 30% 
was obtained by depriving rats for 6 days of 
either water or food or both. 

Summary. Over 400 tests were made in 
210 animals with 23 different agents on the 
threshold for electrical convulsions, chiefly 
in white rats: a few in rabbits. Of 3 new 
hydantoins studied, di-isobutyl-hydantoin 
was the most promising, being somewhat 
comparable to sodium diphenylhydantoin in 
high doses. Among the ineffective agents 
were 4 drugs of the curare group, alleged 
central depressants, and 5 different dyes, in- 
cluding heniato.xylin and vital red, alleged 
antiepileptic agents. 
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Medicine, .San 

The efficacy but impracticability of a 
ketogenic diet in the treatment of patients 
subjected to epileptic seizures suggested the 
use of products of fat and carbohydrate 
metabolism and related compounds. With 
this in mind, the following e.xperiments were 
carried out. 

Method. Clonic (epileptiform) convul- 
sions were produced by passing an electric 
rarrent for 10 seconds through the brains of 
white rats, according to a technic described 
in detail by Tainter and associates.^ A 


•'ranci.teo, Calif. 

summary of the essential features of this 
method, adapted to rats, is given in a previ- 
ous paper by Chu and Driver,- and need not 
be repeated here. 

The control threshold, which ranged from 
6 to 16 milliamperes (m.a.) (average, 8 m.a.), 

1 Tainter, 3J. L., Tniiiter, E. G., Lnirrenec, W. S., 
Ncuru, E. N., Lackey, E. W., Luducila, E. P., 
Kirtlancl; II. B., and Gonzales, E. I., J. Pharm. and 
Kxp. Therap., 1943, 70, 42. 

e Clm, lY. C., and Driver, E. L., Pkoc. Soc. Exp. 
Biol, and JIed., 1947, 04, 245. 
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(or iiopropanol) for benefits from ketogenic or improving old antiepileptic agents is dis- 
agents in epilepsy and for developing new cussed. 
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Several investigators have described hy- 
dropic degeneration of the pancreatic islets 
and ductules in dogs rendered diabetic by 
partial pancreatectomy^’- and by anterior 
pituitary extracts."-^ In dogs made diabetic 
by alloxan, hydropic degeneration of islet 
cells has not been observed even in the pres- 
ence of extreme vacuolation of the epithelium 
of the intralobular pancreatic ducts.*^ Hy- 
dropic changes have been observed in the 
islets of cats that had become, diabetic fol- 
lowing partial pancreatectomy- or treatment 
with anterior pituitary extract* but the 
pancreatic ductules were not affected. While 
such alterations in occasional islet cells have 
been described in rabbits treated with al- 

- This work w.is assisted liy graiits-in-aid from 
tile t'ooiier Fund of the Faculty of Jledieine, 
MeGill X'niversity, and from the National Ee- 
seareh Council. Canada. 

t Medical Research Fellow of the National Re- 
search Council, Canada. 

t Allen, F. M., Stiulicx Coiiccr/iiiiff Glycoxiirin 
ami Diabetes. Cambridge, Mass., Harvard Unix. 
Press, 1913; J. Metah. Pcs., 19’2’2, 1, 5. 

- Homans, J.. Proc. Roy. Sue.. Lumloii, Scr, B, 
1913, 8G, 73; J. Med. Ecs., 1914, 30, 49; .7. Med. 
Pcs., 1915, 33, 1. 

2 Richardson, K. C., Proc. Huy. Soc., London, 
Scr. B. 1939-40, 1*38, 133. 

^ Ham, A. IV.. and Haist. K. E., Hiii. J. Path., 
1941, 17, 7S7. 

^ Dohan, F. C., Pish, C. .Y., and Lukens, F. D. IV., 
Fnducriuoluyy, 1941, 28, 341 b. 

'•Golduer, M. G.. and Gomori, G., Endocrinology, 
1943, 33, 297. 

• Lukens, F. D. TV., and Dohan, P. C., Endo- 
crinology, 194-2, 30, 175. 


lo.xan*^’^ the duct epithelium is said to re- 
main normal.'® The only description of al- 
terations in the epithelium of pancreatic 
ductules in diabetic rabbits is that of 
Ogilvie” who found slight vacuolation of 
the lining cells of “newly formed” intralobular 
ducts in 1 of 28 rabbits treated with anterior 
pituitary extract. It is interesting, there- 
fore, to report a high incidence of moderate 
to extreme hydropic degeneration of both 
the ductules and islets of the rabbit’s pan- 
creas following diabetes of long duration in- 
duced by alloxan. 

21atcrials and Methods. Each of 56 white 
domestic rabbits obtained from several dif- 
ferent dealers received intravenously 200 mg 
of alloxan (Eastman) per kg of body weight 
in a 5'yo aqueous solution. They were treat- 
ed with protamine zinc insulin and glucose 
for a period of not more than 14 days fol- 
lowing alloxan injection. In all of these 
animals and in a control group of 26 un- 
treated rabbits, repeated determinations were 
made of fasting blood sugar and urinary' sugar 
and acetone. Surviving animals of the e.x- 
perimental group were killed with correspond- 
ing control animals at various intervals up 
to one year after injection of alloxan. 

Observations. Of the 56 rabbits treated 
with alloxan, 53 became persistently' diabetic 

S B:iilcy, O. T., Bailey, C. C., and Hagan, tV. H., 
Am. J. Med. Sc., 1944, 208, 450. 

'■> Keimedy, W. B.. :ind Lukens, P. D. TV., Proc. 
Soc. Exp. Biol, .vxd Med., 1944, 57, 143. 

1" Duff.v, E., J. Path, and Bact., 1945, 57, 199. 

llOgilvie, R. F., J. Path, and Bact.. 1944, 5G, 
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icity of isopropyl alcohol given to, and drunk 
voluntarily by rats reported no evidence of 
delayed toxic effects and no suggestion of 
harmful intermediate products, while the 
acute effects were similar to those of ethyl 
alcohol. These reports are tj’pical of many 
on the toxicity of isopropyl alcohol. Its 
superiority to ethyl alcohol as an anticon- 
vulsant is, according to biochemical evidence, 
probably due to its partial transformation 
to acetone in the body.’”'^ This may also 
be the e.vplanation of the beneficial effects 
of a ketogenic diet in epileptics, although, of 
course, the ultimate mechanism remains un- 
solved. 

Beta-hydro.xy-butyric acid and acetoacetic 
acid were not tried, but diacetone alcohol* 
(4-hydroxy-2-keto-4-methylpentane) and di- 
ace tone glycol* (2,4-dihydro.xy-4-methyl 
pentane) were quite effective, while ethyl 
acetoacetate was slightly so. The difference 
in activity between isopropyl alcohol and 
acetone was possibly due to differences in 
rate of absorption and excretion.' .Acetone, 
after 4 hours, caused only a small increase 
in the threshold, presumably because this 
agent was rapidly eliminated from the body 
due to its volatility. The positive effect of 
isoprophyl bromide could conceivably have 
been due to 2 things: (1) liberation of 
bromide and (2) formation of acetone. 
.Acetophenone was quite effective but was too 
to.xic because it caused fatalities. .-Vside from 
acetophenone, in this group of ketogens, only 
diacetone alcohol caused demonstrable ataxia. 

Isopropyl Alcohol and Diphenylhydantoin 
Combined. Since the available evidence fa- 
vored isopropyl alcohol as the least hazardous 
and most desirable of all the agents tested, 

" Kemal, II., Biochem. Z., 1927, 187, 461. 

8 Kemal, H., Z. physiol. Chem., 1937, 240, 59. 

aXeymaik, JI., Scaiid. Arch. Physiol., 1938, 78, 
242. 

10 Morris, H. J., and Liglitbody, H. D., J. Ind. 
Ilyg. and Tox., 1938, 20, 428. 

ilXelmiau, A. J., Pkoc. Soc. Exp. Biol, and 
Med., 1946, 62, 232. 

* These and some other related agents were 
supplied by the Shell Development Co., Emerymlle, 
Calif. 


it was tried in combination with diphenyl- 
hydantoin. -A greater effect than summation 
of activity, perhaps a sensitization, was ob- 
tained by combining sodium diphenylhydan- 
toin in doses of 40 mg per kg with isopropyl 
alcohol, given gastrically, because diphenyl- 
hydantoin itself caused no significant increase 
in threshold, while the combination of the 
2 drugs exceeded considerably the depression 
caused by isopropyl alcohol itself (Table I). 
Ethyl alcohol, combined the same way, only 
moderately exceeded the threshold for the 
alcohol itself, thus indicating that isopropyl 
alcohol was more specific in this respect. 
Here again, raising of the cortical threshold 
with the combinations of isopropyl alcohol 
and diphenj’lhydantoin occurred without 
demonstrable evidence of ataxia or narcosis, 
and all the animals recovered. It is sug- 
gested that the isopropyl group (or isopro- 
panol), in view of its relative nontoxicity 
and close correlation with the ketogenic 
mechanism, would seem to offer possibilities 
for developing new, or improving old, anti- 
epileptic agents. 

Ineffective Agents. The following com- 
pounds were found to be ineffective: the 
sugars — glucose, fructose, galactose, sucrose 
and triose (each 1.5 g per kg); the organic 
acids — lactic, pyruvic, acetic, propionic, 
butyric, palmitic, citric, malic, succinic, 
malonic and fumaric (each 0.5 g per kg); 
iodoacetic acid (0.02 g per kg) ; the alcohols — 
butyl, isobutyl and isoamyl (each 1.25 g per 
kg); insulin (2.5 units per kg), isoprop 3 'l 
ether and ethyl acetate (each 1.25 g per 
kg). .All these agents were given gastrically, 
except insulin and iodoacetic acid, which were 
injected hypodermically. 

Summary. The majority of certain com- 
pounds tried, and related in chemical struc- 
ture to acetone, particularly isopropyl al- 
cohol, were found to raise considerably the 
threshold for electrical convulsions in rats. 
Isopropyl alcohol increased the cortical de- 
pressant efficiency of diphenylhydantoin 
without demonstrable motor depression or 
narcosis. Some other alcohols and certain 
sugars and organic acids were ineffective. The 
possible significance of the isopropyl group 
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Several investigators have described hy- 
dropic degeneration of the pancreatic islets 
and ductules in dogs rendered diabetic by 
partial pancreatectomy^-- and by anterior 
pituitary extracts.^-^ In dogs made diabetic 
by allo.xan. hydropic degeneration of islet 
cells has not been observed even in the pres- 
ence of extreme vacuolation of the epithelium 
of the intralobular pancreatic ducts.* Hy- 
dropic changes have been observed in the 
islets of cats that had become, diabetic fol- 
lowing partial pancreatectomy- or treatment 
with anterior pituitary extract' but the 
pancreatic ductules were not affected. While 
such alterations in occasional islet cells have 
been described in rabbits treated with al- 

* This work wns nssistod by grnurs-iii-aid from 
the t’ooptT Fund of the Faeulty of ^[edioiue, 
McGill X'niversity, aud from the Natioiril Re- 
search Council. Canada. 

t Medical Research Fellow of the Xatmua! Re- 
search Council. Canada. 

t Allen, F. M.. Studies Couctniinfj Glj/cosuria 
uiid Viahett's, Cambridge, Mass., Harvard Uiiiv. 
Press. 1013; J. McUib. 1, o. 

- Homans, J., Proc. Po)/. Sor., London, St^r, 2», 
1913, SG. 73; J, Mtd. Pes.. 1914. 30, 49; J. Med. 
Pt's,, 1915, 33, 1. 

3 Rich ardsou, K. C., Proc. Poj/. Soc.. London^ 
St-r. B, 1939-40, 128, 153. 

A. AV., and H.aist. B. E.. Am. J. Path.. 
1941, 17. 7S7. 

^ Dolian, F. C., Fish, C. A., aud Lukeus, F. D. AV., 
i'iidoiTi)io(o,7,/. 1941, 28, 341 b. 

Irnldner, At. G., and Goinori, G„ Eiuiocrinoloffi/. 
19«, 33, e97. 

‘ Lukens, P. D. AV., and Dohan, P. C., Endo- 
eriiiolofl)/, 194 ::, 30 . 175. 


lo.xan^-* the duct epithelium is said to re- 
main normal.'* The only description of al- 
terations in the epithelium of pancreatic 
ductules in diabetic rabbits is that of 
Ogilvie" who found slight \-acuolation of 
the lining cells of “newly formed” intralobular 
ducts in 1 of 2S rabbits treated AA-itli anterior 
pituitarj- extract. It is interesting, there- 
fore. to report a high incidence of moderate 
to extreme hydropic degeneration of both 
the ductules and islets of the rabbit's pan- 
creas following diabetes of long duration in- 
duced by alloxan. 

Materials and Methods. Each of 56 Avhite 
domestic rabbits obtained from seA-eral dif- 
ferent dealers received intravenously 200 mg 
of allo.xan (Eastman) per kg of bodi' Aveight 
in a 55^- aqueous solution. They were treat- 
ed with protamine zinc insulin and glucose 
for a period of not more than 14 days fol- 
loAving allo.xan injection. In all of these 
animals and in a control group of 26 un- 
treated rabbits, repeated deteniiinations were 
made of fasting blood sugar and urinary sugar 
and acetone. Surviving animals of tlie e.x- 
perimental group Avere killed witli correspond- 
ing control animals at A'arious interA'als up 
to one j-ear after injection of allo.xan. 

Observations. Of the 56 rabbits treated 
AA-ith alloxan, 53 became persistently diabetic 

Biiiley, O. T., Bailey, C. C., and Hagan, AA^. H., 
.Iiii. .1. Med. Sc., 1944, 208, 450. 

9 Keiuiedy, AV. B., and Lukens, P. D. A\'., Proc. 
Soc. E.xp. Biol -VXD AIed., 1944, o7, 143. 

10 Duffy, E., J. Path, and Bact., 1945, 57, 199. 
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as indiculecl by per.sistent polyuria, glycosuria, 
polydypsia, polyphagia. loss of weight and 
hyperglycemia. Three animals proved to be 
resistant to the diabetogenic action of al- 
loxan. The latter were killed and examined 
at intervals of 4, 6 and 1 1 months respective- 
ly after the administration of alloxan. 

In Table I are shown the results of the 
e.xperiments with particular reference to the 
incidence of hydropic degeneration of the 
islet and ductular epithelium and the dura- 
tion of the experiments in which such changes 
occurred, the duration being calculated from 
the day of injection of alloxan. The degree 
and extent of hydropic change was graded 
histologically on a scale of 0 to 4. 

In histological sections of the pancreas, 
the islets of Langerhans showed varying de- 
grees of reduction in size from animal to 
animal with from very .slight decrease in 
number to almost total absence of identifia- 
ble islets. The hydropic islet lesion con- 
sisted of varying degrees of vacuolation of 
the cytoplasm of the affected cells. The 
nucleus was centrally located and appeared 
normal but the cytoplasm in severely affect- 
ed cells was almost totally replaced and the 
cell membrane distended by a single vacuole 
in which no content could be fixed or stained 
by routine histological methods (Fig. IC). 


The other islet cells that were not affected 
were readily stained by routine methods and 
were shown^ to be almost exclusively alpha 
cells by' the Gomori granule stain. These 
cells in many -islets appeared to be considera- 
bly' more numerous than could be accounted 
for by mere reduction in size of the islets 
from destruction of beta cells and consequent 
condensation of surviving alpha cells. Al- 
though this appearance suggested prolifera- 
tion of alpha cells, mitotic figures were not 
found in any of the cells of the islets of 
Langerhans. 

The affected intralobular ductules were 
only those that are normally lined by cuboidal 
epithelium. They were found to arise from 
normal ducts of larger size lined by columnar 
epithelium and in their finer ramifications 
to approach, and on occasion even to enter, 
hydropic islets (Fig. lA). The earliest no- 
ticeable change was a swelling of the cuboidal 
epithelium that rendered the minute ductules 
more conspicuous than usual. This was fol- 
lowed by dissolution of the cytoplasm of 
varying degree up to complete disappearance 
of the cytoplasm, the place of which was 
taken by a large clear space bounded by the 
distended cell membrane (Fig. lA and B). 
The centrally placed nucleus appeared slight- 
ly smaller and more deeply staining than 
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Fig. 1. 

Pliotomiorogniplis <if Soitions of Pnnoieus Stainetl with Haematoxyliu and 

Eosin. 

A. At the right is a duet lined by eoluninar epithelium of normal appear- 
nnee. A smaller duet arising from it is lined by cuboidal epithelium, the 
cells of which show a variable degree of hydropic change. From this latter 
duct an intralobular ductule exhibiting extreme hydropic degeneration comes 
into continuity with an islet composed of clear distended hydropic cells and 
a group of normally stained alpha cells. X 105. 

B. .\ branching intralobular ductule presenting extreme hydropic de- 
generation of its lining epithelium is sliomi arising directly' from a major 
duct, above, of which the columnar epithelium is normal in appearance. Note 
the compact hyperchiomatic nuclei of the hydropic cells. X 135. 

C. This unusu.illy large islet of Langerhaus illustrates the typical 
appearance of the hyd ionic changes observed in islet cells. The islet is 
exceptional in that it contains in the plane of section only two identifiable 
alpha cells which lie together toward its lower margin. X 200. 


normal. The content of the vacuoles, as in 
the case of the hydropic islet cells, could not 
be -fixed or stained and in both instances 
special staining to demonstrate glycogen, fat 
or mucin failed to reveal the presence of 
any of these substances. The lumina of 
many affected ductules were dilated by a 


small content of acidophilic, homogeneous 
material. It was found to be impossible in 
some cases to determine morphologically the 
islet or ductule origin of many groups of 
hydropic cells, especially where there was 
extreme hydropic degeneration in the ab- 
sence of recognizable alpha cells. It is to 
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be noted, however, that, with one exception, 
islet and ductule lesions were found to occur 
concomitantly. This exception was account- 
ed for bj' the absence of positively identifia- 
ble islets in the sections of pancreas from 
this one animal. 

In addition, a similar hydropic change was 
observed in isolated single cells, and small 
groups of cells scattered throughout the acinar 
tissue. It was impossible to determine mor- 
phologically the origin of these cells. How- 
ever, it was apparent that they were not 
hydropic acinar cells. 

Discussion. Although our experiments 
were not designed to permit a detailed an- 
alysis of the etiological factors concerned in 
the production of hydropic degeneration of 
islet and ductule cells of the pancreas, never- 
theless. it is apparent that both time and a 
diabetic state were essential. Table I shows 
that hydropic degeneration was not found in 
any’ of the animals that were diabetic for 
less than one month. The earliest occurrence 
of the lesion was found at 45 days, and it 
was invariably present after 90 days provid- 
ing that the average fasting blood sugar 
level during this period had been 303 mg per 
100 cc, or higher. One diabetic rabbit with 
an average blood sugar level of 256 mg 
showed moderate hydropic degeneration of 
islet and ductule cells after 12 months. A 
statistical comparison of the mean of the 
average blood sugar content of the animals 
showing hydropic changes of Grades I and 2 
with that of animals showing Grades 3 and 4 
indicated that there was no significant dif- 
ference between the blood sugar levels of 
the 2 groups. The degree of hydropic de- 
generation, therefore, was found to be in- 
dependent of the degree of hyperglycemia. 
The absence of hydropic pancreatic lesions in 
the 3 animals that were found to be resistant 
to the diabetogenic action of allo.xan and in 
the 2 animals that e.xhibited relatively mild 
diabetes, indicated that alloxan per se was 
not the etiological factor concerned. 

In the dog and cat, hydropic degeneration 
of the previously normal beta cells of the 
islets of Langerhans, whether produced by 
partial pancreatectomy*'" or by the admin- 
istration of anterior pituitary extracts, is 


followed by disintegration of the hydropic 
cells and a corresponding reduction in size 
of the islets. This stage of atrophy’ of islets 
is reached after 4 to 6 weeks of sev’ere dia- 
betes in the dog,^"'* but only after 3 to 4 
months in the cat." In contrast to these 
relatively short periods, it is interesting to 
note that in alloxan diabetes in the rabbit 
the hydropic degeneration of the pancreatic 
islets persists without histological evidence of 
any disintegration of the affected cells in 
association with more or less severe diabetes 
lasting for periods up to one year. How- 
ever, in this case it is not by any means 
certain that the hy’dropic cells are altered 
beta cells and, indeed, this would appear to 
be rather doubtful since most, if not all, 
of the beta cells of the islets were pre- 
sumably destroyed by the initial administra- 
tion of a rather large diabetogenic dose of 
allo.xan. In the islets of Langerhans of vari- 
ous species studied histologically 5 days or 
more after the administration of alloxan sev- 
eral investigators have mentioned the pres- 
ence of a few indifferent cells with clear, non- 
granular cytoplasm in addition to the sur- 
viving alpha cells.'’’''*'*-'** If in our e.xperi- 
ments the numerous vacuolated islet cells 
arose from the proliferation and subsequent 
hydropic degeneration of such indifferent 
cells or of undifferentiated ductular epitheli- 
um, these cells might be e.xpected to be no 
more susceptible to ultimate destruction than 
the hydropic epithelium of the ductules them- 
selves. 

Nevertheless, preliminary experiments have 
demonstrated by repeated biopsy of the pan- 
creas that the hydropic condition of both 
islet and ductular epithelium is reversible 
by adequate treatment of the diabetic state 
with insulin. Many of the reversed islet cells 
in the few histological sections of pancreas 
that we have thus far studied are indifferent 
cells w'ith clear, nongranular cytoplasm, but 
others possess a finely granular cytoplasm in- 

i-’Goinori, G., .iml Golcliier, JI. G., Proc. Soc. 
Exp. Biol, and JIed., 1SU.S, 51, 2S7. 

Hard, W. L., .md Cnrr, C. J., Proc. Soc. Exp. 
Biol, .vxd JIed., 13-14, 55, 214. 

Duff, G. L., .nnd Starr, II., Proc. Soc. Exp. 
Biol, and Med., 1344, 57, 280. 
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distinguishable from that of the normal beta 
cells of the islets of normal rabbits. Still 
other cells present a patchy granularity of 
the same type and of varying e.xtent, so that 
all stages of transition from the nongranular 
cells to cells with a full complement of 
granular cytoplasm are observed. It is pos- 
sible that such a transition from nongranular 
to granular cells of beta type may actually 
occur under the influence of insulin therapy. 
This, together with the appearance of 
proliferation of both of these tj^ies of cells, 
suggests the possibility of improvement or 
even complete restoration of islet function in 
relation to carbohydrate metabolism by suit- 
able manipulation of insulin therapy in al- 
loxan diabetes in the rabbit. 

Summary. ^Moderate to extreme hydropic 
degeneration of the pancreatic ductules and 
islets was observed in rabbits rendered dia- 
betic by alloxan when the diabetic state had 
persisted for several months. Such changes 
have not hitherto been described in alloxan 
diabetes in the rabbit. The earliest appear- 
ance of these alterations was at the end of 


45 days after the injection of allo.xan and 
hydropic changes were never absent after 90 
days providing that the average fasting blood 
sugar level during the e.xperiment had been 
303 mg per 100 cc, or higher. The hydropic 
state of the ductules and islets persisted with- 
out histological evidence of any further change 
in association with more or less severe dia- 
betes lasting for periods up to one year. The 
alpha cells of the islets remained histological- 
ly normal but appeared to be increased in 
number. Preliminary observations demon- 
strated that the hydropic degeneration of 
both ductules and islets is reversible by ade- 
quate treatment of the diabetic state with 
insulin. The reversed islet cells appeared 
to be unduly numerous suggesting prolifera- 
tion. They were made up in part of indif- 
ferent nongranular cells and in part of cells 
e-xhibiting varying degrees of granularity of 
the cytoplasm of beta type. Those with a 
full complement of granular cytoplasm were 
indistinguishable in appearance from the 
beta cells of the islets of Langerhans in the 
normal rabbit. 
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Antibacterial Action of N-Alkyl />-Aminobenzoic Acid Derivatives." 
G. R. Goetchius and C. .\. Lawrence. 

From the Sterling Trinthroj) Itcaearch Institute, Fensselaer, AM". 


Yeomans ct al.,^ have recently demonstrat- 
ed the beneficial therapeutic effect of /i-amino- 
benzoic acid in louse-borne typhus fever, and 
several investigators since then have shown 
its effectiveness in experimental rickettsial 
infections.-’^ In a study on the mode of ac- 

’* The authors wish to express their appreciation 
to Dr. A. B. Surrey for making available the com- 
pounds used in this study. Ills methods of syn- 
thesis appear elsewhere.i" We are also indebted to 
^ JIrs. Beatrice Bass for technical assistance. 

1 Yeomans, A., Snyder, J. C., Murray, E. S., 
r^Zarafouctis, C. .T. D., and Ecke, K. S., J. A. M. A., 
1044, 120, 349. 

2Auigstein, L., and Bader, 51. X., Science, 1945, 
101, 591. 


tion of sulfonamides, Wyss, Rubin and 
Strandskov® synthesized several ring-substi- 
tuted />-aminobenzoic acid derivatives and 
tested them for antibacterial action. They 
found that the 2-Cl, 3-Cl, 2 -XH 2 , 3 -NH 2 , 
and 3-F derivatives of />-aminobenzoic acid 
displayed varying degrees of bacteriostatic 
action which could be reversed by the addi- 

3 Hamilton, H. L., Plotz, H., and Smadel, .T. E., 
Proc. Soc. Exp. Biol, .vxd 5Ied., 1945, 58, 255. 

1 Hamilton, H. L., Proc. Soc. Exp. Biol. ,\xd 
Med., 1945, 59, 220. 

Murray, E. S., Zarafonctis, C. J. D., and Snyder, 
J. C." Proc. Soc. Exp. Biol, and 5Ied., 1945, 60, SO. 

«Wys3, O., Rubm, 51., and Straudskov, P. B., 
Proc. Soc. Exp. Biol, and 5Ied., 1943, 52, 155. 
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tion of /’-aminobenzoic acid itself. At pH 
7.0 the most active derivative (2-Cl) had a 
bacteriostatic value equal to sulfapyridine. 
Hirsch' found ^-aminobenzamide to be as ac- 
tiv'e as sulfanilamide, and postulated that a 
new group of substances with chemothera- 
peutic effects toward bacterial infections 
might be found among the derivatives of 
/>-aminobenzaniide. 

The present authors investigated the ef- 
fects upon sulfonamides of a group of N-sub- 
stituted /’-aminobenzoic acid derivatives and 
local anestlietics derived from />-aminobenzoic 
acid."*-” During these’ studies it was noted 
that several of the compounds, notably the 
methyl />-alkylaminobenzoates, gave evidence 
of possessing considerable antibacterial ac- 
tivity. It seemed appropriate, therefore, to 
study more completely the general antibac- 
terial properties of the various alkyl-substi- 
tuted /'-aminobenzoic acids. 

Methods oj Antibacterial Tests. The me- 
dium employed throughout these tests was 
trypticase soy broth (B.B.L.). This medium 
was found to support excellent growth of all 
test organisms without the addition of serum 
or other growth-promoting factors. The or- 
ganisms employed were as follows: Pneu- 
mococcus type II. Streptococcus pyopciies 
(C203), Staphylococcus aureus, Haemophilus 
ducreyi, Pasteurella pcstis, Ebcrthclla typhi. 
Vibrio cholerae, and Mycobacterium avium. 

A series of dilutions of the /i-aminobenzoic 
acid derivatives ranging from 1:10C0 to 
1:64,000 was prepared directly in the broth. 
Owing to the relative insolubility of several 
of the compounds in water, the initial dilu- 
tions were made by dissolving the compounds 
in a small amount of alcohol followed by 
the addition of broth. Controls containing 
an equivalent amount of alcohol had no visi- 
ble effect upon the growth of the organisms. 
Tubes containing 5 cc of each dilution were 
autoclaved at 10 lb for 10 minutes, and 

Tllirsuli, J., Science, 1942, 00, 139. 

S Goetchius, G. It., and Lawience, C. A., J. Bad., 
1944, 48 , C83. 

oLawreiico, C. A., and Goetchius, G. H., Proc. 
Soc. Exp. Biol, axd JIed., 1944, 57, ISO. 

" 10 Surrey, A. E., and Hammer, H. F., J. Am. 
Cliem. Soc., 1944, 06, 212/. 


after cooling 0.05 cc of a 1:100 dilution of 
a 24-hour broth culture of test organism 
was added to each series. The tubes were 
incubated at 37°C and e.xamined after 24 
hours for visible growth (48 hours in tests 
employing the pneumococcus, streptococcus 
and P. pcstis). Bacteriostasis was recorded 
for those tubes showing no growth or growth 
less than half that of the drug-free broth con- 
trol at the initial observation time. All tubes 
containing no growth after 72 hours at 37?C 
were subcultured by transferring 3 4-nun 
loopfuls to 10 cc of fresh trypticase soy broth. 
Failure of growth to appear in the subculture 
tube after 72 hours' incubation was taken 
as evidence of a bactericidal action by the 
drug in the original medication tube. Re- 
sults of these tests are presented in Table I. 

Results. It is apparent that the antibac- 
terial activity of ;>-aminobenzoic acid is 
slightly increased by the substitution of an 
ethyl or butyl group in the N-position. In 
the series of methyl /'-alkylaminobenzoates 
and ethyl />-alkyIaminobenzoates ma.xiniura 
activity is found in the N-propyl-substituted 
compounds. In this case the N'-ethyl and 
X-/;-butyl derivatives are about equal in ac- 
tion which is somewhat less than the N-propyl 
compounds. The series of benzamides dis- 
play a direct correlation between chain 
length of the N-substituent and degree of 
antibacterial action. The lowest degree of 
activity is exhibited by the ethyl derivative 
with proportionately increasing activity be- 
ing found in the propyl and «-butyl deriva- 
tives. 

.‘lutagonism by p-aminobenzoic acid. In- 
asmuch as Hirsch’^ noted that //-aminoben- 
zamide was antagonized by the presence of 
^-aminobenzoic acid, and we showed that 
the /i-alkylaminobenzamides did not antag- 
onize sulfonamides® it appeared worthwhile 
to study the effect of /i-aminobenzoic acid up- 
on the />-alkylaminobenzamides, and upon 
diethylaminoethyl - p-n - butylaminobenzoate 
hydrochloride (the »-butyl derivative of pro- 
caine hydrochloride, U.S.P.). The latter 
compound had also been found to have none 
of the sulfonamide antagonizing properties 
of procaine itself.® 

Accordingly, diethylaminoethyl-/>-«-butyl- 
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aminobenzoate hydrochloride and /i-/;-butyl- 
aminobenzamide were dissolved in con- 
centration directly into trypticase soj'’ broth 
containing ICh^ 2 X ICH, ICH, and 2 X lO"® 
dilutions of /i-aminobenzoic acid. The initial 
concentrations of the 2 test compounds were 
then diluted serially up to and including dilu- 
tions of 1:12,800. The compounds were al- 
so diluted in a similar manner in trypticase 
soy broth containing no //-aminobenzoic acid 
for control titrations. The tubes were auto- 
claved at 10 pounds for 10 minutes, and af- 
ter cooling were inoculated with a 4-mm 
loopful of a 24-hour broth culture of Strep- 
tococcus pyogenes (C203). The inoculated 
tubes were incubated as before and the bac- 
teriostatic and bactericidal end-points re- 
corded. 

Results. The data obtained in this study 
revealed that p-aminohenzoic acid does not 
antagonize the antistreptococcal activity of 
either diethylaminoethyl-/>-»-butylaminoben- 
zoate hydrochloride or />-«-butylaminoben- 
zamide. It would appear from these findings, 
therefore, that N-alkylation of these />-amino- 
benzoic acid derivatives not only nullifies 
their antagonistic action upon sulfonamides, 
but also gives their own antibacterial activity 
an “immunity” to antagonism by ^-amino- 
benzoic acid. 

Summary. 1. The bacteriostatic and bac- 
tericidal activity of a series of N-substituted 
/>-aminobenzoic acid derivatives have been 
determined. 

2. Among the acids the order of decreas- 
ing activity is as follows: />-butylaminoben- 
zoic acid > /'-ethylaminobenzoic acid > p- 
aminobenzoic acid. 

3. Of 2 procaine hydrochloride (U.S.P.) 
derivatives, the N-butyl derivative displays 
greater antibacterial action than the N-ethyl. 

4. Among the methyl and ethyl esters of 
/>-aminobenzoic acid, the N-propyl deriva- 
tives display more activity than the N-ethyl 
or N-butyl compounds. The latter 2 were 
appro.ximately equal in respect to antibac- 
terial action. 

5. The order of decreasing activity among 
the /'-alkylaminobenzamides was: butyl > 
propyl > ethyl. 
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tioii of ^-aminobenzoic acid itself. ■ At pH 
7.0 the most active derivative (2-Cl) had a 
bacteriostatic value equal to sulfapyridine. 
Hirsch' found /)-aminobenzamide to be as ac- 
tive as sulfanilamide, and postulated that a 
new group of substances with chemothera- 
peutic effects toward bacterial infections 
might be found among the derivatives of 
/)-aminobenzamide. 

The present authors investigated the ef- 
fects upon sulfonamides of a group of N-sub- 
stituted /»-aminobenzoic acid derivatives and 
local anesthetics derived from /J-aminobenzoic 
acid.-'^-” During these' studies it was noted 
that several of the compounds, notably the 
methyl />'alkylaminobenzoates, gave evidence 
of possessing considerable antibacterial ac- 
tivity. It seemed appropriate, therefore, to 
stud\' more completely the general antibac- 
terial properties of the various alkyl-substi- 
tuted />-aminobenzoic acids. 

Methods of Antibacterial Tests. The me- 
dium employed throughout these tests was 
trypticase soy broth (B.B.L.). This medium 
was found to support e.xcellent growth of all 
test organisms without the addition of serum 
or other growth-promoting factors. The or- 
ganisms employed were as follows: Pneu- 
mococcus type II, Streptococcus pyofeiics 
(C203), Staphylococcus aureus, Haemophilus 
ducreyi, Pasteurclla pestis, Ebcrthella typhi. 
Vibrio cholera e, and Mycobacterium avium. 

A series of dilutions of the />-aminobenzoic 
acid derivatives ranging from 1;10C0 to 
1:64,000 was prepared directly in the broth. 
Owing to the relative insolubility of several 
of the compounds in water, the initial dilu- 
tions were made by dissolving the compounds 
in a small amount of alcohol followed by 
the addition of broth. Controls containing 
an equivalent amount of alcohol had no visi- 
ble effect upon the growth of the organisms. 
Tubes containing 5 cc of each dilution were 
autoclaved at 10 lb for 10 minutes, and 

T Hirscli, J., Science , 1942, DO, 139. 

8 Goetchius, G. K., and Lawrence, C. A., J. Bad., 
1944, - 48 , G83. 

a Lawrence, C. A., and Goetchius, G. H., Pkoc. 
Soc. Exp. Bion. .ixd JIed., 1944, 57, 180. 

10 Surrey, A. E., and Hammer, H. F., J. Am. 
Client. Soc., 1944, 60, 2127. 


after cooling 0.05 cc of a 1:100 dilution of 
a 24-hour broth culture of test organism 
was added to each series. The tubes were 
incubated at 37°C and e.xamined after 24 
hours for visible growth (48 hours in tests 
employing the pneumococcus, streptococcus 
and P. pestis). Bacteriostasis was recorded 
for those tubes showing no growth or growth 
less than half that of the drug-free broth con- 
trol at the initial observation time. All tubes 
containing no growth after 72 hours at 37?C 
were subcultured by transferring 3 4-mm 
loopfuls to 10 cc of fresh trypticase soy broth. 
Failure of growth to appear in the subculture 
tube after 72 hours’ incubation was taken 
as evidence of a bactericidal action by the 
drug in the original medication tube. Re- 
sults of these tests are presented in Table I. 

Results. It is apparent that the antibac- 
terial activity of /i-aminobenzoic acid is 
slightly increased by the substitution of an 
ethyl or butyl group in the N-position. In 
the .series of methyl /^-alkylaminobenzoates 
and ethyl /i-alkylaminobenzoates ma.ximum 
activity is found in the N-propyl-substituted 
compounds. In this case the N-ethyl and 
N-«-butyI derivatives are about equal in ac- 
tion which is somewhat less than the N-propyl 
compounds. The series of benzamides dis- 
play a direct correlation between chain 
length of the N-substituent and degree of 
antibacterial action. The lowest degree of 
activity is e.xhibited by the ethyl derivative 
with proportionately increasing activity be- 
ing found in the propyl and n-hotyl deriva- 
tives. 

Autagouism by p-amiuobeuzoic acid. In- 
asmuch as Hirsch’^ noted that ^-aminoben- 
zamide was antagonized by the presence of 
/>-aminobenzoic acid, and we showed that 
the />-alkylaminobenzamides did not antag- 
onize sulfonamides’* it appeared worthwhile 
to study the effect of /i-aminobenzoic acid up- 
on the /(-alkylaminobenzamides, and upon 
diethylaminoethyl - p-n - butylaminobenzoate 
hydrochloride (the n-butyl derivative of pro- 
caine hydrochloride, U.S.P.). The latter 
compound had also been found to have none 
of the sulfonamide antagonizing properties 
of procaine itself.® 

Accordingly, diethylaminoethyl-^-«-butyl- 
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TABLE I. 


Influence of Patliogenizing Substances on Agglutination of the 0901 Strain by Auti-0 Serum 

(Titer 1:10,000). 


Substance tested 

Concentration, % 

End of the agglutination 
titer 

Destran (L. mescnicroidcs) 

0.1-0.25 

1:10,000 


0.O-1.0 

1: 1,000 


2.0 

negative at 1:100 

Levan (A. Icvaniciini) 

O.l-O.D 

1:10,000 


1.0 

1: 5,000 


2.0 

negative at 1:100 

JIucin 

1.0 

1:10,000 


2.0 

1: 2,000 


5.0 

negative at 1:100 

Pectin 

0.1-0.2 

1:10,000 


0.5 

1: 1,000 


1.0 

1: 100 


2.0 

neg.ative at 1:100 

Glycogen 

0.5 

1:10,000 


1.0 

1: 2,000 


2.0 

1: 1,000 

Starch 

1.0-2.0 

1:10,000 


5.0 

1: 200 
t 

Inulin, gum acacia, cellulose (cotton) 0.1-5.0 

1:10,000 


ence of any of the inhibiting substances (dex- 
tran, levan, mucin, pectin), however, no 
measurable quantities of antibody N were 
taken up by the cells. These oliservations 
accord with the findings of Keefer and Spink'* 
concerning the effect of mucin on the bac- 
teriolysis of gonococci by whole blood and 
immune serum. 

■< Keefer, C. S., and Spink, "W. TV., J. Clin. Invest., 
1938, 17, 23. 


Summary. The union of 0-antibody by 
E. typhosa is completely inhibited by de.x- 
tran, levan, and pectin at 2% concentration 
and by mucin at 5% concentration. Reduc- 
tion of agglutination titer occurs in the pres- 
ence of starch (5%) and glycogen (1-2%). 
Inulin, gum acacia, and acid-degraded cot- 
ton cellulose in 5% concentration are without 
this effect. 


15763 

Influence of Nitrogen Mustards on the Antibody Response.* 
Charees L. Spurr. (Introduced by E. S. Guzman-Barron.) 

From the Department of Medicine, the University of Chicago, Chicago, lU. 


The absence of infection in the leucopenic 
phase following nitrogen mustard therapy of 
lymphomas suggests that some specific pro- 

* This study was supported in part by a grant 
from the Committee on Growth, American C.ancer 
Society. 


tective mechanism persisted despite the dem- 
onstrable widespread damage to the hemo- 
poietic system. The role of lymphocyte in 
the antibody response*-- suggests the lym- 

1 Ehrieh, -W. E., and Harris, T. N., J. Exp^M^., 
1942, 70, 335. 
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6. Diethylaminoethyl-/i-;i-butylaminoben- of />-aminobenzoic acid when tested in tryp- 
zate hydrochloride and />-7;-butylaminoben- ticase soy broth against Streptococcus pyo- 
zamide were not antagonized by the presence genes (C203). 


15762 ; 

Action of Certain Carbohydrates on the Reaction of Eberthella typhosa 

with Antibody O. 

L. Olitzki, if. Shelubsky, and E. Efrati. 

M’rom the Department of Hyijicne and Bacteriology, The Hebrew Vniver.iity of Jennalcm. 


In a previous publication, Olitzki, Shelub- 
sky and Hestrin* reported that certain car- 
bohydrates promote the pathogenicity of 
E. typhosa. Since Gram-negative microor- 
ganisms are normally eliminated from the 
peritoneal cavity in the mouse mainly by 
bacteriolysis a short time after the onset of 
infection,- the possibility that the carbohy- 
drates, which alter pathogenicity might also 
interfere with a bacteria-antibody reaction 
seemed to deserve consideration. The influ- 
ence of the carbohydrates previously em- 
ployed in tests of pathogenicity on the ag- 
glutination of typhoid strain 0901 by its 
0-antibody, the presence of which in anti- 
sera parallel the bactericidal activity,^ has 
accordingly been e.vamined. The results of 
the agglutination tests are shown in Table I. 

Table I shows that the carbohydrates used 
for testing, viz. dextran, levan, mucin and 
pectin, markedly inhibit agglutination. The 
results were the same whether bacteria were 
added to the serum-carbohydrate mixture 
immediately after its preparation or after it 
had been incubated for 4 hours at 37°C. 

The mechanism of the inhibition could be 
a serological reaction between the test car- 
bohydrates and the typhoid antibody. We 
have not, however, been able to detect a 
visible precipitation reaction when the car- 

1 olitzki, L., Slielubsky, M., niid Hcstriii, S., 
in press. 

2 Olitzki, L., and Koch, P. K., J. Immunol., 
1945, 50, 229. 

3 Felix, A., and Olitzki, L., /. Immunol., 192G, 
3J, 31. 


bohydrates were mi.xed with anti-typhoid ser- 
um. In order to ascertain whether the in- 
hibition is produced by interference on the 
part of the carbohydrates with fixation of 
antibodies by the bacterium, or by an inter- 
vention in the second stage of the agglutina- 
tion reaction, we measured the effect of the 
more active of the inhibitors (de.xtran 2%, 
levan 2%, pectin 2%, and mucin 5%) on 
antibody-nitrogen uptake. 

The carbohydrate solutions were sharply 
centrifuged to remove all insoluble particles. 
Heat-killed and washed bacteria sediment 
containing 0.419 mg nitrogen was then sus- 
pended in 2.0 cc of the solutions. After the 
selected carbohydrates and bacteria had been 
in contact for 2 hours at 37°C, the immune 
serum was added and the mixture allowed to 
stay for 24 hours in the ice box. The bac- 
teria were then removed and washed and the 
N-uptake determined by a Micro-Kjeldahl 
method. In another series of experiments 
the serum was left in contact with an in- 
hibitor for 2 hours at 37‘’C. Examination 
of this mixture failed to reveal any visible 
precipitation. Bacterial sediment containing 
0.260 mg nitrogen was then suspended in 
the mixture. The suspension was left for 24 
hours in the ice box. The bacteria were 
then removed and examined as in the previ- 
ous series. Both series of e.xperiments gave 
similar results. The control test without 
the addition of inhibitor showed that the 
bacteria are normally able to remove in 24 
hours 0.033 mg N from 0.1 ml serum and 
0.061 mg N from 0.2 ml serum. In the pres- 
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per kg lYeight (total dose 1 mg) ivas given 
everj' 4 days for 4 weeks. The antibody 
titre rose to 1-160 as compared to a control 
titre of 1-12S0. 

Comment. The studies of Ehrich^ have 
shown that the Uanphocytes from lymph of a 
regional node draining an extremiti' into which 
antigen has been injected contain an in- 
creased titre of antibody on the fourth to 
sixth day. Dougherty and \\Tiite-’^ have 
shown that corticosterone will produce a 
lymphopenia and that the decrease in these 
cells, with their dissolution is associated with 
a rise in the antibody titre. Since the ni- 
trogen mustards produce a toxic hanpho- 
penia which is apparent in the peripheral 
blood^ and lymph node® within 4 days, it 
might be expected that this toxic dissolution 
would result in the increase of antibody. 
With this in view, the nitrogen mustard was 
given after the normal antibodj- curve had 
fallen but no rise in titre similar to the 
anamnestic reaction was seen. No summa- 
tion of titre occurred when nitrogen mustard 

3 Dougherty, T. F., IVhite, A., and Cliase, S. H., 
Proc. Soc. Exp. Biol, and Med., 1944, oG, 2S. 

4 Jacobson, L. 0., Spurr, C. L., Barron, E. S. G., 
Smith. T. B., Lnshbaugh, C., and Dick, G. F., 
J. A. M. A., 1946, 132, 263. 

3 To be published. 


was given at the peak of the antibody re- 
sponse. 

These findings do not contest the role of 
the lymphocyte in antibody formation but 
suggest that the toxicity of nitrogen mustard 
interferes with the antibody forming mecha- 
nism of the Ij-mphocyte. This hi-pothesis is 
supported by the suppression of the antibody 
formation in animals receiving antigen fol- 
lowing pretreatment and concurrent treat- 
ment with nitrogen mustard. The dosage 
used in these experiments are 10-fold or more 
than that given in human therapy and an in- 
vestigation of the antibody response in the 
human is now in progress. It is of interest 
to mention that in the human given a course 
of 25 mg nitrogen mustard, the ieucopenic 
phase coincides with a period of active re- 
generation of the hemopoietic system.'^ 

Summary. 1. The 13'mphocytoxic effect of 
the nitrogen mustards vrill not produce an 
anamnestic reaction or summation of the an- 
tibody titre in the rabbit. 

2. Pretreatment and concurrent adminis- 
tration of nitrogen mustard suppress the an- 
tibody response to typhoid antigen. 

<5 Spurr, C. L., Jacobson, L. O., Smith, T. E., 
and Barron, E. S. G., A.A.A.3. Gibson Island Coni, 
on Cancer, Chemotherapy of Tumors, in press; 
Cancer Se.icarch, 1947, 7, 51. 


15764 1 

Chemotherapeutic Action of Streptomycin and of Streptomycin with a 
Sulfone or Sulfadiazine on Tuberculosis. 

]M. I. Smith, W. T. ^IcClosky, E. L. Jackson, .and H. B.auer. 

From the Division of Physiology, Xational Institute of Health. Beihesda, ild. 


Previously published experiments’- have 
shown that streptomvxin and promin used to- 
gether in the treatment of experimental tu- 
berculosis in guinea pigs produced a chemo- 
therapeutic effect greater than the sum of 
effects from the individual components. 

1 Smith, M. I., and McClosky, Wm. T., Put). 
Health Bep., 1945, 60, 1129. 


Equally good results were later reported 
from the combined use of streptomi'cin and 
another sulfone, sodium salt of 4-amino, 4'- 
galacturonylaminodiphenylsulfone.- The su{>- 
plj' of streptomjxin, however, was then so 
limited that no experiments could be made 

2 Smith, M. I., McClosky, W. T., and Jackson, 
E. L., Am. Bcv. Tub., in press. 
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phocytotoxic nitrogen mustard compounds 
may influence the antibody reaction. 

Method. To elucidate this relationship, the 
response to typhoid vaccine 1 cc intramus- 
cularly, in a single dose and in 3 weekly 
doses was followed at 3-7-day intervals by 
agglutination titration with dilutions of 1 to 
10 to 1 to 5120. A control group of 3 rab- 
bits was given typhoid vaccine 1 cc intra- 
muscularly and the agglutination titre fol- 
lowed through its peak response of 1 to 1280 
on the 21st day until the titre had fallen. 
On the 80th to 95th day', nitrogen mustard 
(methyl bis y3 chlorethyl amine) 1 mg per 
kg (total dose 2 mg) was injected intra- 
venously every 5 days for 4 doses. No in- 
crease in the antibody titre similar to the 
anamnestic reaction was observed. A sec- 
ond control group of 3 rabbits received injec- 
tions of I cc typhoid vaccine intramuscularly 
for 3 weeks with a resulting increase in anti- 
body titre to 1-5120 in the third week. Ni- 
trogen mustard 1 mg every 4 days was 
given for 3 doses. There was no summation 
of titre but a decline to 1-1280 over the 
following week occurred. 

A group of 3 rabbits was given nitrogen 
mustard at a dose of 0.5 mg per kg weight 
(1 mg total dose) every 4 days for 9 weeks. 
On the 25th day, when the lymphocyte count 
had fallen to 30% of the pretreatment level, 
typhoid vaccine 1 cc was given intramuscu- 
larly. The antibody titre increased only 1-80 3 
weeks later, while the controls reached a titre 
of 1-1280. Another group of 3 rabbits re- 
ceived a similar dose of nitrogen mustard for 
7 weeks. On the 18th day, 3 weekly doses 
of 1 cc typhoid vaccine were initiated. The 
treated group showed an antibody titre of 
1-320 in the third week as compared to a 
control level of 1-5120. 

The antibody response following simul- 
taneous injection of typhoid vaccine and ni- 
trogen mustard was investigated to determine 
to what extent this cytoto.xic material might 
interfere with the antibody response. Ty- 
phoid vaccine 1 cc intramuscularly was given 
on the first day and nitrogen mustard O.S mg 

"ePougherty, T. F., and White, A.^ JSndocr., 
1944 , 35 , 1 . 



TABLE J. 
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with streptomycin alone to appraise fully the 
value of the combined treatment. 

Data have been accumulated on the rela- 
tive chemotherapeutic value of several sul- 
fone derivatives with the object of finding 
a compound less to.xic, and if possible more 
’ effective, than promin or the parent substance 
4,4'-diaminodiphenylsulfone (DDS). Studies 
on this phase of the problem have indicated 
that the mono »-propyl derivative of DDS 
was much less toxic than promin and at least 
as effective as the latter.- Another deriva- 
tive of DDS, the mono-succinimide, syn- 
thesized in this laboratory by one of us 
(H.B.), was also found to have a low degree 
of toxicity and appeared worthy of thera- 
peutic trial with streptomycin. trial e.\- 
periment with streptomycin and a sulfona- 
mide also appeared desirable, especially since 
sulfadiazine had previously given some indi- 
cation of chemotherapeutic activity in e.\- 
perimental tuberculosis, even if only of a 
very tow order, compared with the sulfones.^ 

Accordingly a series of experiments were 
set up to determine (a) the chemotherapeutic 
effectiveness of streptomycin alone at a dose 
level of 40 mg per kg per day, a dose 2 to 4 
times as great as had been used hitherto, 
(b) the effect of slreplomydn at half the 
above dose in combination with one of the 
2 sulfones mentioned earlier or with sul- 
fadiazine. 

Experimental. A series of male guinea 
pigs weighing 300 to 3S0 g, usually about 
325 g, were inoculated intraperitoneally with 
1 cc of a homogeneous bacillary suspension 
in saline containing 0.4 mg moist weight of 
tubercle bacilli, human strain, H37Rv.* The 
animals were divided into 6 groups of 20 
each and treated as follows: 

Group A. Streptomycin, 20 mgt per kg in- 
tramuscularly twice daily, 9 a. m. and 4 p. m. 

Group B. Streptomycin, 10 mg per kg in- 
tramuscularly twice daily, and H-propyl de- 

3 Smith, JI. 1., Enuiiart, E. W., and Westfall, 

B. B., J. PJiarm. anti Exp. Therap., 1942, 74, 163. 

♦ Courtesy Mr. W. Steenken, Jr., acting for the 
Committee on Standard Cultures of tlie Medical 
Beseareli Committee of the National Tuberculosis 
Association.! 

i I mg 1000 units. 


rivative of diaminodiphenylsulfone (»-pro- 
pyl),l SOO mg per kg per day, orally. 

Group C. Streptomycin as in Group B and 
250 mg per kg per day of the succinimido 
derivative of diaminodiphenylsulfone (suc- 
cinimido) J orally. 

Group D, Streptomycin as in Group B 
and SOO mg per kg per day of sulfadiazine 
orally. 

Group E. «-Propyl as in Group B but no 
streptomycin. 

Group F. Succinimido as in Group C, but 
no streptomycin. 

Group G. Untreated controls. 

The sulfones and sulfadiazine were ad- 
ministered by stomach tube in 10% aqueous 
suspension with 5% gum acacia. 

Treatment was begun the day after in- 
oculation and continued for 11 weeks, 5 days 
a week, with a double dose on the fifth day. 
Three weeks after treatment was discontinued 
the survivors were tuberculin tested, using 
0.01 mg PPD in 0.1 cc saline intracutaneous- 
ly. Readings were made 24 and 48 hours 
later. Eighteen to 20 weeks after infection 
all the survivors were killed with chloroform, 
autopsied, and the extent of tuberculous in- 
volvement recorded as previously described.'* 

In addition to the 6 foregoing groups a 
small group (L) of 7 guinea pigs was set 
aside for treatment, beginning 23 days after 
infection with 10 mg per kg streptomycin 
twice daily. Treatment in this group was 
continued for 11 weeks as in the preceding 
groups. These animals were killed and au- 
topsy findings recorded as in the others. 

Results. Table I gives in detail the extent 
of tuberculous involvement (tuberculosis in- 
dex, T.B.I.) in the individual animals in each 
group at autopsy and also the average for 
each group. The ratings are all based on 
a possible maximum of 20. The sign ± 

~TnH.. • qJhT- ■ CfiHj • NH . C;,H7. 

CO - CHn 
/ ! 

NHo • Calli ■ SO.. • C,iH4 • ^ I 

^CO-CH.. 

4 A Depot for Standard Cultures of Tubercle 
Bacilli, Am. JRev. Tub., 1946, 53, 511. 

3 Smith, M. 1., Emmart, E. W., and Stohlman, E. 

F., Am. Sev. Tub., 1943, 48, 32. 



TABLE 1. 

Tlio Tubwculiii JJc;ittioii (PI'])) ;iml tlie Extent of Tuberculous Involvement (Tubcvculiisis index, T.B.J.) nt Autoi)s.v in the Individual Animals in the 
Several Groups Treated with Streptoniyein Alone or in Combination with Derivatives of Diaminodiphenylsulfone (DDS) or Sulfadiazine. All Animals 

Inoculated with 0.4 iiiK 11371{v Iiitraperituneally. 
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WEEKS 
Pia. 1. 

-Average weiglit curves of groups of tuberculous guinea pigs treated with streptomycin (A), 
streptomyciu and a derivative of diaminodiphenylsulfoue (B and C), streptomycin and sulfa- 
diaaine (D), sulfone derivatives alone (E and P). G represejits a group of untreated controls. 
Figures in parentheses indicate number of animals surviving at termination of e.vperimeiit. 
Fir.st arrow .shows time of infection and when troatment was begun; second arrow indicates end 
of treatment; at third arrow the survivors were tuberculin tested. 

For details as to dosage and other pertinent data see Table II. 


designates doubtful lesions and has been ar- 
bitrarily assigned a numerical value of O.S. 
The results of the tuberculin tests for Groups 
A, B, C, and D are given in the PPD col- 
umns of the respective groups. 

Group G Controls. Eighteen animals in 
this group (90%) died with extensive gener- 
alized tuberculosis in from 44 to 97 days. 
The remaining 2 animals were killed at the 
termination of the e-xperiment, 126 days af- 
ter infection, and these, also, had advanced 
tuberculosis of the viscera. The tuberculosis 
index in the individual animals v^aried from 


5 to 20 (out of a possible ma.ximum of 20) 
with an average of 14.4. 

Group /I. All the animals treated witli 
20 mg per kg streptomycin twice daily sur- 
vived the e.xperimental period, and made good 
gains in weight, as shown in curve A, Fig. 1. 
Though 14 animals in this group gave posi- 
tive tuberculin reactions, S (40% ) showed 
none or only doubtful lesions at necropsy. 
The remainder had a tuberculosis index of 
1 to 2, with an average of 1 for the entire 
group. 

Group B. Two of the animals treated with 
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streptomycin and the H-propyl compound died 
in 27 and 32 days respectively. At autopsy 
there were emph3'sema and congestion of 
the lungs in one and pulmonary edema in 
the other. The animals had shown no signs 
of illness up to the last drug feeding by 
stomach tube, and death in these 2 animals 
was regarded as accidental. The remaining 
18 animals in this group gained weight nor- 
mally, survived the full experimental period, 
and while 10 of them gave positive tuber- 
culin reactions. 13 (72%) showed no gross 
evidence of tuberculosis at autopsy. The 
animals in this group showed the highest 
average gain in weight (curve B, Fig. 1). 
The average tuberculosis index for the en- 
tire group was 0.5. 

Groups C and D. The animals treated 
with streptomycin in combination with the 
succinimido compound and sulfadiazine re- 
spectively compared favorably with the ani- 
mals in Group .A. receiving streptomycin 
alone at twice the dose level. One animal 
in each of these groups died, at 71 and 104 
days respectively, and while pulmonary 
emphysema was present in both neither 
showed much evidence of tuberculosis. The 
average tuberculosis index for Group C was 
0.8, and 11 animals (55%) showed no gross 
evidence of tuberculosis. Ten animals in 
this group gave positive tuberculin reactions. 
The average tuberculosis index for Group D 
was 1.0, with 10 animals (50%) showing no 
macroscopic lesions, and 9 reacting to tuber- 
culin. The weight curves of the animals of 
these 2 groups were nearly identical with 
that of Group A. 

Groups E and F. Treatment with the 
H-propyl and succinimido derivatives re- 
spectively resulted in the mortality of 50% 
in each group. However, all of the survivors 
in Group E were in very good condition, 
while 4 of the survivors in Group F at the 
termination of the experiment were losing 
weight. The average weight curve for Group 
E was decidedly better than that of Group F. 
.At autopsy all the animals in both groups 
had definite macroscopic tuberculosis. How- 
ever, the average tuberculosis index for Group 
E was 3.9 with a variation of 1 to 12, while 
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Streptomycin and Sulfone Therapy in Tuberculosis 
TABLE in. 

Blood Levels. Average of 3 to A A nimals. 

%, hr after administratiou 


Drug 

uaiiy dose, 
gAg 

/ 

3 

5 

19-24 

Ji^Propy] DDS 

0.25 

1.5 

1.5 

0.8 


0.50 

2.0 

2.1 

1.2 


2.00 

3.4 

3.6 

3.8 

Suceinimido DDS 

0.25 

1.8 

0.7 

0.5 


2.00 

1.6 

1.5 

1.6 


(- 

Z 

u 

o 

cc 
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£L 


A - STREPTOMYCIN 


B - 

c - 

D - 


E - n- PROPYL DDS 
F - SUCCINIMIOO DDS 
G - CONTROLS 


+ h-PROPYL DDS 
+ SUCCINIMIOO DDS 
+ SULFADIAZINE 


MORTALITY RATE 
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Fia. 2. 

Mortality rate and average extent of tuberculous inrolvenient (tuberculosis iiide.v) in groups 
of tuberculous guinea pigs treated as indicated in legend of Fig. 1. 


in Group F the average inde.x was 7.9 with 
a variation of 1 to IS. This evidence appears 
to indicate that while neither drug eradicated 
the disease the H-propyl derivative had the 
much greater suppressive effect of the 2. 

Group L. The animals in this group in 
which treatment was begun 23 days after in- 
fection all survived the e.x-perimental period, 
with marked improvement in their weight 
curve after treatment was instituted, and 
necropsy at the termination of the experi- 


ment showed an average tuberculosis index 
of 2.4 with a variation of 0 to 6. Two of 
the 7 animals showed no gross evidence of 
the disease. 

Tissues from each of the 7 animals in 
this group, together with tissues from 5 ani- 
mals of the control group, were submitted 
to Dr. R. D. Lillie of the Laboratory of 
Pathology for microscopic e.xamination. 
These included liver, spleen, lungs, kidneys, 
testes, omentum, and diaphragm. His re- 
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port is summarized as follows; 

Of the 5 controls one showed chronic pro- 
gressive tuberculosis, 2 had subacute progres- 
sive tuberculosis, and 2 showed active un- 
inhibited tuberculosis. Two of the treated 
animals (L 1 and L 5) had no tuberculosis, 
the latter showing subacute bronchopneu- 
monia. The others presented the following: 

L 2. Solitary tubercle of spleen, relatively 
inactive. 

L 3. Old lymphadenoid tuberculosis, rela- 
tively Inactive. 

L 4. Inactive old tuberculosis with calci- 
fication and fibrosis in the lungs and lymph 
nodes. Chronic bronchopneumonia and 
bronchiectasis. 

L 6. Old lymphadenoid and peritesticular 
tuberculosis with some calcification and 
fibrosis and chronic interstitial pneumonia. 

L 7. hlinimal chronic tuberculosis of the 
lungs, spleen and mesenteric lymphnodes with 
bronchopneumonia and bronchiectasis. 

These findings agree welt ivith the data 
given in Table I, and recorded independently 
on the basis of gross observation. 

In Table II are summarized the results of 
the entire experiment. Comparison of the 
relative values of the different forms of treat- 
ment, based on the most important criteria, 
namely mortality per cent, average tuber- 
culosis index, and incidence of freedom from 
disease as judged by macroscopic examina- 
tion, all point to the superiority of combined 
treatment with streptomycin and the «-pro- 
pyl derivative of diaminodiphenylsulfone. 
The average gains in weight of the animals 
in the several groups as shown in Table II 
and Fig. 1 also point to the same conclusion. 

Of the 2 sulfones presented in this study 
the data in Tables I and II and in Fig. 1 and 
2 indicate that the «-propyl derivative has 
the greater suppressing effect on the disease. 
Both compounds have a low degree of tox- 
icity and are characterized by poor absorba- 
bility, as shown in Table III. It is to be 
noted that the succinimido compound was 
used in the therapeutic tests at half the dose 
level of the n-propyl derivative, but it is 
doubtful whether it would have been more 
effective at the higher dose level, since in 
normal animals little more of this drug was 


absorbed when administered in daily doses 
of 2.0 g per kg than when given in doses 
of 0.2S g per kg. 

Discussion. Viewing the results of the 
present study against the background of those 
previously reported it is becoming increas- 
ingly evident that streptomycin is by far the 
most effective chemotherapeutic agent in ex- 
perimental tuberculosis. Working under 
fairly well standardized conditions, with a 
rather heavy infection giving a mortality of 
from 65 to 95% of the controls in 90 to 100 
days, treatment with streptomycin at a dose 
level of 10 to 15 mg per kg per day gave 
a chemotherapeutic effectiveness of 5.2, no 
mortality within the experimental period, and 
absence of macroscopic tuberculosis in \5% 
of the animals.^ When the daily dose of 
streptomycin was increased to 40 mg per day 
in the present series under very similar con- 
ditions a chemotherapeutic effectiveness of 
14.4 was obtained, no mortality, and 40% 
of the animals appeared to be free from 
lesions. This latter dose of streptomycin is 
approximately 1/10 of the LDjo-^ It is evi- 
dent therefore that the response is roughly 
proportional to dosage, and it is not impos- 
sible that further improvement may be had 
with increasing dosage. It is to be remem- 
bered however, that in all cases treatment 
was begun the day after infection and con- 
tinued for 60 to so days. The picture is 
not as bright however, when treatment is de- 
layed, as it was done in the present study. 
Group L, where treatment with streptomycin 
was not begun until 23 days after infection 
in which case 5 of the 7 animals had slight 
to moderate degrees of tuberculosis and a 
chemotherapeutic effectiveness for the group 
of only 6.0 (14.4/2.4) was obtained. 

Summarizing the present and previous re- 
sults on the action of streptomycin and the 
sulfones used individually or in combination 
it appears that there is good evidence of 
potentiation every time combined therapy 
has been tried. Obviously the better the 
sulfone the more impressive the effect. For 
convenience the essential data of the pres- 
ent study and of the 2 previous publica- 
tions'-- have been put together in Table IV. 
Expressing the value of a given treatment 



268 


Streptomycin and Sulfone Therapy in Tuberculosis 



, O O O CO fO O 
I rH r-J o O ; 
I r-1 iH rH f-H rH 


' jrsifSLoif^i^iooooooo 

OOO05OCiCJOC5C5CiC5 


WOUiOUOOOClOWOCO 
iH o t*. iraiftC'j 


Cl o o ^ CO Cl iro o 
no ci O ci tol eo 00 rH Co' ’<:t< *o 


O S ^ ^ ; 

o •— 


* ^ 

Ol -'5 000000000 ^ 

r-< Cl 'C’ Cl Cl Cl Cl Si 


in terms of “chemotherapeutic effectiveness” 
(the ratio of the average extent of tuber- 
culous involvement in the control and treat- 
ed groups) it is evident that the efficacy of 
the combination is greater in every instance 
than the sum of effects from the individual 
components. Also the highest percentage 
incidence of animals free from gross lesions 
has been realized in the e.xperimehfal groups 
treated with the combination, though a very 
substantial percentage appeared to be free 
from the disease in the group treated with 
streptomycin alone at the highest dosage 
level it has been employed. 

It is interesting that sulfadiazine appears 
to have contributed, if anything, less than 
any of the sulfones in the combination with 
streptomycin. The effectiveness of sul- 
fadiazine in the treatment of e.xperimental 
tuberculosis is also slight compared with the 
sulfones.®’® 

Little can be said at this time concerning 
the possible mechanisms tliat may be in- 
volved in the mutual potentiation of strep- 
tomycin and the sulfones. Our knowledge 
of the mechanism of antibacterial action of 
either streptomycin or of the sulfones is 
fragmentary and inadequate. However, evi- 
dence has been accumulating to indicate that 
bacteria can acquire a high degree of re- 
sistance against the antibiotics including 
streptomycin Youmans and Williston*® 
have also shown recently that the tubercle 
bacillus may acquire a resistance to strepto- 
mycin, that streptomycin resistant strains 
are equally virulent in mice, and the animals 
so infected are refractory to treatment with 
streptomycin. We had previously shown in 
this laboratory that prolonged cultivation of 

oSmitli, C. R., and Oeelisli, F. W., Am. L’cr. 
Tub., 1945, 32, SC. 

7 Miller, C. P., and Bolinhoir. M.. J. Am. 

Aasn., 194C, 120, 4S5. 

a Gracssle, O. E., and Fro»t, li. M., Piujr. .Soc. 
Exp. Biol, .v.vd Med., 194C, 02, 171. 

9 Piiiland, Jf., Murray, R., irarri,s, If. IV., Kiliiam, 

E., anti itcada. M., J. Am. .llftl. IIMC, 

122, 1C. 

lOYouinaiu, G. P., and Williston, E. II., Pnof. 
Soc. Exp. Biol, -vxd Med., 194C, 02, 131. 
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the tubercle bacillus in a medium containing 
low concentrations of promin resulted in at- 
tenuation of virulence.^^ It is possible there- 
fore that the beneficial effect of the com- 
bined action of the 2 chemotherapeutic agents 
consists in eliminating or attenuating strains 
which might acquire a resistance to the anti- 
biotic. 

Summary and Conclusions. The chemo- 
therapeutic action of streptomycin used 
alone or in combination with one of two 
sulfones or sulfadiazine was studied in ex- 
perimental tuberculosis in guinea pigs. 

Evidence has been obtained to indicate 
that the therapeutic effect from combined 
treatment is greater than the sum of effects 
from the individual components. 

The chemotherapeutic effectiveness (ratio 
of extent of tuberculous involvement in a 
group of untreated controls and treated 

II Emmart, E. W., aud Smith, M. I., Pnoc. Soc. 
Exp. Biol, and ilED., 1942, 51, 320. 


groups) in a group of guinea pigs treated with 
40 mg (40,000 units) streptomycin per kg 
of bodj’’ weight daily was 14.4. Preidously 
treatment with 10 to 15 mg per kg per day- 
under similar conditions gave a chemo- 
therapeutic effectiveness of 5.2. 

The chemotherapeutic effectiveness of 
combined therapy with 20 mg streptomy^cin 
per kg per day plus 500 mg 4-amino-4'- 
propylaminodiphenylsulfone per kg per day 
was 2S.6. The chemotherapeutic effective- 
ness of the sulfone alone was 3.7. 

Similar though less marked potentiation 
was obtained in combined therapy with 
streptomycin and 4-amino-4'-succininiido- 
diphenylsulfone. By itself this latter sulfone 
was less effective than the ii-propyl deriva- 
tive. 

Combined therapy with streptomycin and 
sulfadiazine, a substance of doubtful efficacy 
in e.xperimental tuberculosis, gave inconclu- 
sive evidence of potentiation. 
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Further Studies on the Testing of Sterility of Concentrated Streptomycin 

Solutions. 

Daniel Lapedes, Richard Donovick, and Geoffrey Rake. 

From the Division of yiicrohiology. The Squibb Institute for Medical Research, yew 

BrunswicJ:. W.J. 


The inactivation of streptomycin with semi- 
carbazide, as an aid in testing the sterility of 
concentrated solutions of streptomycin, was 
proposed in an earlier paper.^ A similar method 
of sterility^ testing involving the use of hy- 
droxylamine has been described in tentative 
minimum specifications for streptomycin 
issued by the Food and Drug Administration.- 
.4s is shown in Table I, semicarbazide, as com- 
pared to hydroxylamine mol for mol, has the 
advantage for such sterility test procedures in 
that the bacteriostatic action of the former is 

1 Bake, G., and Donovick, B., Pkoc. Soc. Exp. 
Biol, and 4tr.n., 19-16, 62, 31. 

-Tentative Minimum Specifications for Strepto- 
mycin, Food and Drug Admin., June 2S, 1946. 


less than that of the latter for most organisms 
tested.* If instead of thioglycolate broth, 
which was used in the present tests, tryptone 
broth is used, the differences in the bacterio- 
static action of the two compounds are even 
more marked in favor of semicarbazide.^ The 
same is true of effects on bacteria in aqueous 
streptomycin solutions in which the anti- 
bacterial power of the carbonyl reagent would 
be exerted in the suggested sterility tests. 

However, recent experiences lead to the 

* Amongst the organisms tested were a number 
of strains kindly made available to us by Dr. W. A. 
Bandall of the Food and Drug Administration and 
said to be less susceptible to hydroxylamine than 
to semicarbazide. 
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TABLE I. 

Comparative Bacteriostatic Action of Semicarbazide-HCl and Hydroxylamine-HCl Waiast 
- ■ Various Test Organisms in Tliioglycolate Brotli. “ 



M.I.C. 

Semirarlx-izide HCI 

* 

Hj'droxylamiiie IICI 


Test organism 

mg/ml 

inillimols/L 

ing/ml 

millimols/L 

Mol ratio 
SC/liA 

E. coli SEf 

K. pneumoniae (A.T.C.C. No. 9997) 
No. 2411 1 

No. 2433 1 
li. brevis^ 

B. circularise 

Ji. subtilis (Peoria) 5 

Pseudomonas aeruginosa^ 

Aerobacter acrogenese 

B. .subtili.s (Merck) 5 
iSfapkijlococcus aureus (Osgood)^ 

0.60 

0.21 

0.15 

0.14 

0.71 

0.79 

0.76 

0.30 

0.37 

0.35 

1.16 

5.4 

1.9 
■ 1.3 

1.3 

6.4 

7.1 

6.8 

2.7 

3.3 

3.1 

10.4 

0.30 

0.17 

0.044 

0.039 

0.18 

0.20 

0.23 

0.17 

0.25 

0.13 

0.14 

4.3 

2.4 

0.63 

0.56 

2.6 

2.9 

3.3 

2.4 

3.0 

1.9 

2.0 

1.25 

0.79 

2.06 

2.32 

2.46 

2.44 

2.00 

1.12 

0.92 

1.03 

5.20 


’* Minimum inhibiting concentration. 

t Strain of E. coH isolated from solution containing ca. 100,000 units streptomycin/ml. 
t Psychrophilie organisms isolated from solution containing ca. 100,000 units strepto- 
mycin/ml. 

i These strains of bacteria were obtained from the Pood and Drug Administration through 
tlie kindness of Dr. William A. Randall. 


conclusion that the use of either carbonyl 
reagent can result in false negative results as 
to the presence of contaminants in concen- 
trated streptomycin solutions. These findings 
were anticipated somewhat in the earlier 
paper’ when it was pointed out that, since 
carbonyl reagents per se are bacteriostatic 
substances, the procedure suggested (for 
inactivation of and sterility testing of strepto- 
mycin) was valid only to the extent that viable 
organisms in streptomycin solutions were able 
to withstand the action of carbonyl reagents. 

In recent months it has been noted that 
certain solutions of streptomycin, containing 
ca. 100,000 units per ml, on standing at room 
temperature or at S°C, became turbid with 
what appeared to be bacterial growth. While 
sterility tests according to the procedure 
described’ failed to show any growth, simple 
streaks of these original solutions on yeast 
beef agar plates yielded one, and in some cases 
2, strains of bacteria. One of these was a 
strain of Escherichia coli and 2 others (No. 
2411 and No. 2435, possibly identical, 
although isolated from separate sources) were 
Gram negative, psychrophilie rods which 
grew readily at 5° to 25° C but poorly at 
37°C. 

Pure cultures of these 3 organisms were 
inoculated into streptomycin solutions con- 
taining ca. 30,000 units per ml. The inocu- 
lated solutions were divided into several por- 


tions, some of which were treated with semi- 
carbazide and potassium acetate as described 
earlier,’ while the remainder served as con- 
trols. Although the organisms could be read- 
ily recovered from the untreated streptomycin 
solutions, they could not be reisolated from 
the solutions treated with semicarbazide. Sim- 
ilarly failure resulted from subsequent tests 
with equivalent amounts of hydroxylamine as 
the inactivating agent, and, as shown in Table 
I, all 3 organisms were more sensitive to 
hydroxylamine than to semicarbazide. 

Thus, whereas the use of carbonyl reagents 
had aided in the demonstration of the pres- 
ence in streptomycin solutions of certain spore 
formers,’ they now played a detrimental role. 
There still remains a need for a non-germicidai 
agent which will inactivate streptomycin. 
Van Dolah and Christenson” have recently sug- 
gested the use of certain o.vidizing and reduc- 
ing agents, such as potassium permanganate 
and potassium periodate, for the inactivation 
of streptomycin. However, here again it is 
likely that, in higher concentrations required 
for a sterility test, some bacterial destruction 
would be caused by the reagent before the 
reaction had gone to completion and before 
the streptomydn-reagent mixture could be 
added to test culture media. 


3 Vail Dol.'ili, K. .‘nil Cliristuiirfoii, ti. h., 
Arch. Biochcm.f 1047, I—, 7. 
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Further consideration apparently should 
also be given to the choice of culture medium 
and the temperature of incubation in sterility 
testing of streptomycin solutions. Broth con- 
taining sodium thioglycolate, because of the 
ability of the latter to interfere with the 
action of many antibacterial substances, ■* is 
widely used for sterility testing of biological 
materials. The extent to which this broth 
interferes with the action of streptomycin" 
led to its use in a proposed sterility test.^ 
In attempts, however, to isolate the strepto- 
mycin-resistant E. coli strain, referred to 
above, from inactivated mixtures of strepto- 
mycin and carbonyl reagents, it was found 
that control cultures died out in one week at 
37 -C. On further examination it appeared 
that this organism could be carried in thio- 
glycolate broth if daily subcultures were made, 
but if transfers were attempted after one 
week’s incubation no growth ensued. It was 
found that this organism could be recovered 
from this broth through 6 days of incubation 
but not after the 7th day. Controls in yeast 
beef broth yielded positive subcultures 
throughout at least 8 days. 

In the sterility testmg of many biological 
materials it is not an uncommon practice to 
inoculate the material under question into 
thioglycolate broth, incubate for one week, 

■* a. Eagle, H. J., P/iarmacoL, 1939, 00, 436; 
l>. Elides, P., Bril. J. Exp. Path., 1940, 21, 67; 
c. Chow, B. P., and McKee, C. 11., Proc. Soc. Exp. 
Biol, .cxi) IIed., 1945, 58, 175; d. Cavalito, C, J., 
Bailej-, J. H., Haskell, T. H., lIcGonnick, J. K.. 
and Warner. W. P., J. Bact., 1945, 30, 61; 
e. Geiger, W. B., and Conn, J. E., J. .4 m. Chem. 
Soc., 1946, 67, 112. 

ODono-riek, B., and Bake, G., Psoc. Soc. Exp, 
Biol, .cxd Mei>., 1946, 61, 224. 


and then subculture if there is any doubt 
whether growth has occurred. Should this be 
done with a material containing a contaminant 
such as the E. coli strain used here, the sub- 
cultures would jdeld no growth. In this con- 
nection we have found that the 2 psychrophils 
mentioned above do not grow well in thio- 
glycolate broth, but multiply readily in 3'ea3t 
beef broth. 

The occurrence of 2 psychrophilic organ- 
isms as contaminants in several highly concen- 
trated streptomycin preparations which we 
have studied demonstrates also the need for 
incubating streptomycin sterility tests at more 
than one temperature. We have not yet 
found anj' thermophilic organisms occurring 
as natural contaminants in streptomycin solu- 
tions, but this possibility should not be over- 
looked. 

Summary. 1. Further studies with senii- 
carbazide and hydro.xylamine confirm earlier 
findings that for most of the bacterial species 
tested the former substance mol for mol is 
less bacteriostatic than the latter. 2. The use 
of either carbonyl reagent in sterility tests of 
concentrated streptomycin solutions, however, 
may lead to false negative findings. 3. Three 
strains of microorganisms have been isolated 
from streptomycin solutions which failed to 
grow out from similar material inactivated 
ivith either carbonyl reagent. 4. These organ- 
isms isolated from the streptomycin solutions 
grow poorly in thioglycolate broth, and one 
species was found to die out in this broth on 
incubation prolonged beyond 6 days. 5. The 
demonstration of psychrophilic organisms in 
streptomycin solutions suggests the need for 
incubating such sterility tests at more than 
one temperature. 
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Dietary Production of Gastric Ulcers in Rats and Prevention by Tocopherol 

Administration. 

P. L. Harris, E. L. Hove, ^Iellott. and K. Hickm.\n. 

From the Liihorotories of DistiUution Products, Inc,^ Jtochestcrf X,T.^ 


.\ previous paper^ from this laboratory re- 
ported that a-tocopherol prevented stomach 
ulcers in rats receiving minimal amounts of 
vitamin A. The possible explanation ad- 
vanced to e.xplain this action was based upon 
the well-known “sparing” of vitamin A by- 
tocopherol, in vivo.- 

Further e.xperiments were designed to test 
this explanation and also to determine wheth- 
er tocopherols would be beneficial in pre- 
venting stomach ulcers caused by dietary re- 
strictions other than vitamin A. 

* Communieation No. 108. 

1 Jonseu, J. L., Science, 19-lG, 103. 5SG. 

- Hk'kmaii, K. C. D., Kaley, M. AV., and Harris, 
P. L., J. .Bio?. C/jcwi., 1944, 152, 303; Harris, 
P. L.. Kaley, M. "W., and Hickman, K. C. D,, 
J. Biol, C/iem., 1944, 152, 313; Hickman, Iv. C. D., 
Kaley, M. W,, and Harris, P. L,, J. Biol, C/ieiii., 
1944, 152, 321. 


In a preliminary experiment 40 weanling 
male rats were placed on a diet (USP XII, 
with olive oil), low in vitamins A and E, for 
2 weeks. .\t this time supplementation was 
begun of all rats with 300 units of vitamin 
.\-acetate daily. Half of the rats were also 
given 0.5 mg of d,ci-tocopherol daily. After 
7 weeks the animals were killed and e.xam- 
ined for gastric lesions. Fifty per cent of 
the rats on the high-A, low-E diet had one 
or more ulcers in the fore-stomach, while 
none of the rats receiving vitamin E had 
lesions. 

In a second experiment 170 male weanling 
rats were completely depleted of vitamin A 
in the usual manner. The diets used were 
based upon the USP vitamin A-test diet, but 
with variable amounts and kinds of fat. These 
variations are indicated in Table I. .-M the 
time of depletion 3 or 4 rats from each group 
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were examined, but no gross lesions were pres- 
ent. It is evident that vitamin A-deficiency 
per sc, does not produce ulcers. The de- 
pleted animals were placed on a daily sup- 
plement of 2 or 30 units of vitamin A-ester 
concentrate, dissolved in olive oil, with or 
without 0.5 mg a- tocopherol. Half of the 
rats on the low-fat diet were supplemented 
daily with 100 mg of sesame oil to supply 
adequate linoleic acid. 

Table I shows the data on gain in body 
weight and incidence and severity of rumen 
lesions after a 7-week experimental period. 

It is highly significant that vitamin .A. even 
in high doses did not prevent ulcer develop- 
ment. This indicates that the action of 
tocopherol cannot be e.xplained simply a 
sparing of vitamin A in the gastrointestinal 
tract. However, the fact that injections of- 
tocopheryl phosphate did not prevent the 
lesions is presumptive evidence that the 
tocopherol effect is localized in the stomach. 
It is interesting to reflect at this time that 
in all vitamin bioassays which have been 
conducted without providing adequate vita- 
min E to the animals during the depletion 
or curative periods, 50% or more of the ani- 
mals used probablj- had gaping lesions in their 
stomach. These gastric ulcers certainly were 
an important factor in causing some of the 
disturbingly wide ypiations in growth re- 
sponse observed in vitamin .\ bioassays. 

The influence of fat in the diet is interest- 
ing. The lesions occurred on the 5% level 
of olive oil or stripped (E-free) corn oil; 
but on the 10% oil level the lesions were ab- 
sent or reduced in number even without 
tocopherol supplements. On the low-fat diet 
a very high incidence and severity of lesions 
was noted and tocopherol at the levels used 
had no beneficial effects. 

Since fat in the diet is a significant factor 
in the prevention of rumen lesions, it was of 
interest to examine the stomachs of rats 
deficient only in essential fat acids. The fat- 
low diet used in tlie preceding e.xperiment 
contained 56% corn starch which probably 
supplied about 0.6% fat as a constituent.^ 

Tiiylor. T. C., and Nelson, .T. M., J. Am. Chem. 
Soc.. I!)g0, 42, 1726. 


Thus the diet contained about 0.3 to 0.4% 
fat which furnished at least 10 mg linoleic 
acid daily to each animal.'* 

In the present experiment, weanling rats 
were placed on a fat-free diet of the follow- 
ing percentage composition: Casein (Labco) 
20, sucrose 76, and salt mixture, USP No. 2, 
4, B-complex vitamins were added to the 
casein to furnish 10 y of thiamin, riboflavin, 
and pyridoxine, 25 y calcium pantothenate, 
1 mg choline chloride, and 0.1 mg /-inositol 
per gram of ration. Fifty units of vitamin 
A-acetate and 5 units of vitamin D were 
given daily in a propylene glycol solution. 

-After 7 weeks depletion the rats were di- 
vided into groups of 6 each and placed on 
experiment with and without 20 mg of ethyl 
linoleate also with and without 0.5 mg to- 
copherol daily. .After 6 weeks the stomachs 
of the rats were examined for lesions. The 
results are shown in Table II. Hyperplasia 
of the juncture (or ridge) separating the 
glandular portion from the rumen, usually 
precedes or accompanies hyperplastic ulcers 
in the rumen. The incidence of such junc- 
ture hyperplasia has been indicated, as well 
as the incidence of ulcers. 

The data in Table II show that rats de- 
ficient in essential fatty acids do not have 
stomach lesions. However, half of the rats 
receiving 20 mg of linoleate showed typical 
ulcers. Juncture hj-perplasia was marked in 
this group. Either a- or y-tocopherol pre- 
vented the lesions. 

It was of further interest to determine 
whether ulcers produced by dietary restric- 
tions other than vitamin .A or essential fatty 
acids would abo be prevented by tocopherol. 

Male albino weanling rats were placed 
• upon a pyridoxine-deficient ration for 6 
weeks. The percentage composition of the 
ration was: Casein (Labco) 20, sucrose 71, 
salt mixture, USP No. 2, 4, lard 4, and cod 
liver oil 1. B-complex vitamins were added 
to the casein to furnish 10 y thiamin and 
riboflavin, 25 y calcium pantothenate, 1 mg 
choline chloride, and 50 y of vitamin K per 
gram ration. 

•I Taylor, T. C., aud Lehrmaii, L., J. Jjii. Chem. 
.Soe.. 1926, 48, 1739. 
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, TABLE 11. 

Effeet of Tocoplierol and Methyl Linoleate on Development of Gastric Lesions in Rats Deficient 
in Essential Fatty Acids.* 


Trial 

Daily supplement 

Incidence of gastric lesions 

ilethj-l 

linoleate 

(“g) 

d,a- 

toeopherol 

(mg) 

Dicers 

(%) 

Juncture 

lij’perplasia 

I 

0 

0 

0 

0 


0 

0«5 

0 

17 


20.0 

0 

50 

G7 


20.0 

0.5 

0 

0 


20.0 

0.5 1 

0 

0 

II 

0 

0 

0 

33 


20.0 

0 

0 

S3 


20.0 

0.5 

0 

17 

* 6 animals per group. 




t 7 -toeopherol. 







TABLE III. 



Effect of Tocopherol in Preventing 

Development of Rumen Lesions in Rats Recovering froui 



Pyridoxine Deficiency. 



Jfg 


Avg wt gain 

Incidence of 

Pj-ridoxine 

a-tocoplierol 


in (5 wk 

rumen lesions 

(7 daily) 

daily 

No. of rats 

(g ± S.D.) 

(%) 

0 

0 

7 

4.3 

0 


1 

7 

7.1 

0 

1.0 

0 

•1 

51.0 (5.3 

50 


1 

4 

53.5 ± 4.9 

0 

2.0 

0 

7 

71.4 ± 7.(5 

57 


1 

7 

82.7 ± 8.3 

0 

•1.0 

0 

7 

91.3 ± 5.0 

29 


1 

7 

105.8 ± 4.8 

0 

S.O 

0 

0 

124.0 ± 7.7 

0 


1 

0 

120.0 ± 6.0 

0 


.\fter 6 weeks depletion, the rats were fed 
various levels of pyrido.vine with and with- 
out tocopherol. Pyrido.xine (free-base) was 
prepared from synthetic p 3 'rido.N'ine-hydro- 
chloride (Merck) and given in propylene 
glycol solution from a calibrated dropper. 

The resulting gains in bodi’ weight dur- 
ing the subsequent 6 weeks and the inci- 
dence of rumen lesions at this time are sum- 
marized in Table III. These data indicate 
that pyridoxine deficiency in itself does not 
result in rumen lesions. However, when 
suboptimal doses of pyridoxine are fed, lesions 
do occur but are preventable by a-tocopherol. 
Hi‘'her doses of pyrido.xine maintain normal 
stomachs in the rats even without tocopherol. 

Dhctission. It is evident that gastric lesions 
can be induced by a variety of dietary de- 
ficiencies when these are combined with low 
intakes of vitamin E. Severe tocopherol de- 


ficiency uncomplicated by deficiencies of oth- 
er essentials does not induce ulcers. Hun- 
dreds of vitamin E-deficient female rats with 
evidence of resorption gestations have been 
free of stomach lesions. Furthermore, un- 
complicated deficiencies of vitamin A. or of 
pyridoxine, or of essential fatty acids do not 
induce ulcers. Ulcers are formed only in 
rats which have stopped gaining weight as 
a result of any of these deficiencies and which 
then have been given the missing factor but 
without supplying tocopherols at the same 
time. Weight gain is resumed when vitamin 
A, pyridoxine, or linoleate, respectiveli', is 
supplied and it is during this period that 
stomach lesions appear unless sufficient 
tocopherol is present in the gaslrointe.stinal 
tract. Tocopherols injected as the tocopheryl 
phosphate during the experimental period 
fail to prevent ulcer formation. Consequently, 
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the evidence points to a mechanistic explana- 
tion for lesion formation. Functionally, the 
epithelium of the forestomach of the rat be- 
comes abnormal due to deficiencies of either 
vitamin A, or pyridoxine, or essential fatty 
acids. Anatomically there are no lesions be- 
cause of the gradual adaptation of the or- 
ganism as a whole to a low level of metabolic 
activity: food intake decreases, weight gain 
ceases, and probably gastric secretion of pep- 
sin and HCl is diminished. However, ad- 
ministration of the missing essential factor 
induces food intake and resumption of weight 
gain. Unless adequate tocopherol is also 
administered the functionally abnormal 
epithelium of the forestomach cannot cope 
with the increased acid-pepsin medium with 
which it is in contact and as a result lesions 
are produced.^ Whether tocopherols prevent 
the erosion of the stomach wall by specifical- 
ly inhibiting enzyme activity or more funda- 
mentally by Increasing epithelial resistance 
perhaps by inducing greater mucous secre- 
tion or improving blood circulation in the 
mucosa® is not yet known. 

The role of dietary fat in the etiology and 
treatment of gastric lesions is also undeter- 
mined. In our e.vperiments an increase of 
fat (olive oil or vitamin E-free corn oil) from 
5 to 10% in the diet reduced the incidence 
and severity of ulcers formed. Li and Free- 
man” also found a higher incidence of peptic 
ulcers in dogs on a low-fat (lard) than on 

'■> M.itzner, II. J., tVindmcr, C., Sobel, A. E., and 
Polaycs, S. H., Proc. Soc. Exp. Biol, axd Med., 
1930, 34, 243. 

o Baeliraeli, AV. H., Grossman, M. I., and Ivy, 
A. C., Gastroeni erology , 1946, 6, 503. 

■ Li, T., and Freeman, S., Gastroenterology, 1946, 
e, 140. 

Matzner, il. J., AVindmer, C., and Sobel, A. E., 
Am. J. Dig. Dis., 1938, 5, 1. 


a high-fat diet. However, IMatzner and co- 
workers® reported their highest incidence and 
most severe stomach lesions in rats maintained 
on relatively high fat (butter or lard) in- 
takes. 

It is emphasized that no attempt should 
be made at this time to draiv a parallel be- 
tween these gastric ulcers in rats and those 
in humans. !Much more must be learned 
concerning the etiology and pathology of the 
lesions in the 2 species before generalizations 
regarding treatment with fat or tocopherols 
can be made. The level of protein intake 
is also important and data showing a protein- 
tocopherol interrelationship as measured by 
ulcer production and cure is being prepared 
for publication. 

Conclusions. 1. Ulcers in the forestomach 
were induced in rats: (a) Recovering from 
vitamin A-deficiency Avith 2, 30, or 300 units 
vit. A daily, (b) Recovering from a vit. Bo 
deficiency with suboptimal amounts (1, 2, 
or 4 7 daily) of pyridoxine. (c) Recovering 
from an essential fatty acid deficiency with 
20 mg of linoleate daily. 

2. Deficiencies of these 3 essentials did 
not, in themselves, result in lesions. The 
ulcers occurred only during the curative peri- 
od in which the specific nutrient was fed. 

3. a-Tocopherol fed daily to the rats dur- 
ing the cure of the specific deficiency gave 
complete protection. y-Tocopherol orally 
was also effective, but a-tocopheryl phosphate 
injected was not. 

4. The amount of fat in the diet was re- 
lated to the incidence of stomach ulcers in 
the vitamin A experiments. Ten per cent 
gave good protection. Five per cent allowed 
moderately severe lesions, which ivere pre- 
ventable by tocopherol. Fat-low diets gave 
very severe lesions not preventable by the 
level of tocopherol fed, 0.3 mg daily. 
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Nature of R.enal Changes in Acute Choline Deficiency. 

F. I, Dessau and J. J. Olesox. (Introduced by Y. Subbarow.) 
l<roin the Lederle Laboratories Division, American Ctjanamkl Compunii, Pearl Hiver, y.Y. 


Changes in the kidneys of acutely choline- 
deficient young rats, referred to as hemor- 
rhagic degeneration of the kidneys were de- 
scribed by Griffith and Wade,^ and later 
by Gydrgyi and Goldblatt,- Christensen,- 
Engel and Salmon'* and others. The most 
careful histological study by . .Christensen 
showed the quite secondary role of, hemor- 
rhage in this syndrome, but left open the 
question of interdependence of tubular de- 
generation and vascular congestion. 

Experimental. Young rats, 20 to 21 days 
old and weighing about 35 g, were placed 
in individual cages and fed water and the 
following diet ad libitum : 

Basal diet; 




.Siievose 

05 

Ale. U-xt. Casein 

15 

Salts Xo. 2 

5 

Lard 

10 

Gelatin 

3 

Corn Oil 

o 


with the addition of the following vita- 
mins/kg: 


Thiumiii eliloride 

10 

ing 

Pyridoxine liydroeliloride 

10 

f f 

Cnlciuin j)antothennte 

20 

J 7 

X'iaein 

10 

7 7 

Pnru-amiuobenzoic neid 

20 

7 7 

Hiljoliavin 

10 

77 

Inositol 

.30 

7 7 

Biotin 

0.2 

7 7 

Vit. E 

25 

7 7 

Jleimdione 


7 7 

Vit. 

20,000 

units 

” r> 

2,000 

; 7 


It was determined by observation that un- 
der our conditions the renal syndrome began 
to appear at about the fifth day. Thus 
most e.xperiments were terminated on the 

1 Griflitli, w. II., Dtol. Si/nipasiti. 5, 103; 

Griflith, W. H., and IVado, X. .1., Tiioc. fioc. lixi-. 
BJOI- axd 3Iku., 1039, 41, ISS. 

aG.vdrgi, P., and Goldblatt, II., J. Exp. Med., 
1340, 7:1, 1. 

3 Christenson, K.. Arch. Path., 1012, HI, 033. 

1 Engel, It. tv., and Salmon, W. P., ./. yutriliun, 

1041, 33, 109. 


seventh day since by this time all the rats 
would show marked renal hyperemia. 

A detailed e.xamination of the kidneys for 
structural changes due to this deficiency, led 
to the following conclusions as to the nature 
and sequence of these changes: 

(1) Both grossly and microscopically the 
change observed first is venous stasis result- 
ing in e.\treme cyanosis of the outer corte.x. 

(2) .Absence of red blood cells from the 
lumen of the tubules is evidence of lack of 
hemorrhage. 

(3) Epithelial degeneration and necrosis, 
limited to the tubules occupying the outer 
corte.x, are secondary to the vascular dis- 
turbance. 

(4) The lack of glomerular involvement, 
in sharp contrast to the marked tubular in- 
jury, proves interference with venous out- 
flow rather than disturbance of arterial sup- 
ply. 

The outlined sequence of events of the 
renal syndrome is observed in reversed order 
in the phase of recovery, with venous stasis 
disappearing most rapidly, epithelial regen- 
eration following considerably later, and hy- 
aline casts, distended tubules and small scars 
forming the last residues of the disturbance. 
That interference with venous outflow is 
involved, finds support in our observations, 
that ligation of the renal vein in rats results 
in lack of damage to the glomeruli while 
there is marked injury to the tubular 
epithelium. 

E.xperimental evidence of the priority of 
vascular disorder over epithelial injury is sug- 
gested by the protective effect of renal de- 
capsulation. This operation was performed 
under ether anesthesia on the left side only, 
the right kidney serving as a control. In 
one group of e.xperimental animals an in- 
cision was made on both sides but decap- 
sulation of the kidney was performed on the 
left side only. The operation took place 
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on the day that the rats were put on the 
choline-deficient diet. This operation gave 
protection to the decapsulated kidney in pro- 
portion to the completeness of the operation. 
In 19 out of 34 animals there tvas complete 
protection from the renal syndrome of acute 
choline deficiency on the operated side. This 
protection seems to be in abeyance if tlie 
operation is not performed well in advance 
of the acute disturbance, since if the de- 
capsulation is not done until the fifth day, 
no protection is observed. 

Wolbach"’ has suggested the possibility 
that a neurovascular mechanism might be the 
basis of the renal syndrome obser\’ed in acute- 

5 / S. B.j niul Besaor, 0. A.. PhysioL 

li)42. 22. 233^. 


Iv' choline-deficient rats. There is support 
for such an assumption in our findings that 
subcutaneous administration of atropine 
seems to inhibit the renal syndrome. When 
rats were treated with 1 mg atropine sulfate 
daily, from the day they were started on 
the choline-deficient diet, prevention of the 
renal syndrome was observed in almost half 
of the cases. In these preliminary e.vperi- 
ments, which lasted 7 days, 10 of 21 choline- 
deficient \mung rats failed to show the 
"hemorrhagic renal syndrome.’’ 

Summary and Conclusion. ^lorphological 
and e.xperimental studies suggest a vascular 
disorder to be the primary injury observed 
in the kidney of the acutely choline-deficient 
rat. 
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Reticulo-Endothelial Immune Serum (REIS). VI. Production of Potent 
Serum by Anamnestic Reaction."* 

Ludwik .Anigstein, Dorothy ^I. Whitxey. C. M. Pomerat, and M.-^ry Faith Orr. 

From the Departments of Prcuciiliic iCetUcinc anil of Jnatomy, Univcr.sity of Teros, Medical 

ISranch, Oalvestou. 


The development of antiorgan sera has 
been reported in studies from our labora- 
tories.* Whereas in our original work- we 
followed the method of Soviet workers,® some 
modifications in the production of REIS were 
introduced in the present study. It was 
thought that an accumulation of antibodies 
in the recipient host would be enhanced by 
a slow process of immunization rather than 
by the rapid method of using massive doses.* 

In the preparation of antiguinea pig and 
of antirat sera, constant amounts of tissue, 

* Supported by a grant from tlie Lilly Research 
Laboratories. 

I Pomerat, C. AL, Phi Beta Pi Quart., 194o, 
42, -203. 

- Pomerat. C. it., and Auigsteiu, L., Tex. Rep. 
Riol. Olid Mcil., 1945, 3, 122. 

Silarelmk, P. D., Am. Rec. Hoe. Med., 1943, 
1,’113. 

I Straus, R., Runjavac, M., Zaitliu, R., Duboff. 
G., and Swerdlom, H., II. J. Immnn., 1946,50, 155. 


400 mg of spleen plus 100 mg of bone mar- 
row, suspended in 6 ml of saline were ad- 
ministered to the rabbit. Intravenous antigen 
injections of 0.25, 0.5, 0.5, and 0.75 ml were 
given at 4-day intervals, and the same 
amounts were given by mouth, the total being 
approximately 133 mg of spleen and 33 mg 
of bone marrow by each route within 12 days. 

Complement-fixation litres illustrate the 
high values of antirat and antiguinea pig sera 
following low antigenic dosages. 

The achievement and maintenance of ade- 
quate potency of the serum was one of the 
main objectives. Attempts were made, there- 
fore, to provoke an increased antibody pro- 
duction in previously immunized animals by 
their anamnestic response to a renewed con- 
tract with the antigen. A single intravenous 
injection of the same 13^30 of antigen 30-40 
days following the last injected dose was 
administered to rabbits. 
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Nature of Renal Changes in Acute Choline Deficiency. 

F. I. Dessau and J. J. Oleson. (Introduced by Y. Subbarow.) 

Laboratories Division, American Cynnamul Company, Pearl Liver, X.T. 


From the Lederle 

Changes in the kidneys of acutely choline- 
deficient young rats, referred to as hemor- 
rhagic degeneration of the kidneys were de- 
scribed by Griffith and Wade,^ and later 
by Gydrgyi and Goldblatt,= Christensen, = 
Engel and Salmon'* and others. The most 
careful histological study by ,, Christensen 
showed the quite secondary role of , hemor- 
rhage in this syndrome, but left open the 
question of interdependence of tubular de- 
generation and vascular congestion. 

Experimental. Young rats, 20 to 21 days 
old and weighing about 35 g, were placed 
in individual cages and fed water and the 
following diet ad libitum: 

Basal diet: 


Siiei'ose 

VC 

05 

.■Me. E.xt. Ciisoiu 

15 

Suits Xo. 2 

5 

Lard 

10 

Ot'Iiitiii 

S 

Cora Oil 

o 

with the addition of the 

following vita- 

mins/kg: 

Tlijaiaia eliloride 

10 ing 

Pyridoxiiie hydrochloride 

10 ” 

Calcium pautothoiiate 

20 ” 

Xiacin 

10 ” 

I’.'ira-aniiiiobeiizoic acid 

20 ” 

Riboflavin 

10 ” 

Inositol 

50 ” 

Riotiii 

0.2 " 

Vit. E 

25 ” 

ilenadione 

5 ” 

A'it. A 

20,000 units 

” D 

2,000 ” 

It was determined by observation that un- 


der our conditions the renal syndrome began 
to appear at about the fifth day. Thus 
most e.xperiments were terminated on the 


iGiiftitli, n., Biol. .Symposia, 1041, 5, 1.93; 
Griflitli, tv. II., iiiid Wade, X. .1., Pjioc. Soc. E.ve. 
Biou ANi> Med., 193!), 41, ISS. 

eGyiirgi, P-, “ud Goldbl.-itt, II., J. Bjcp. Med., 

1910. 72, 1. 

3 Christensen, K., Arch. Path., 1942, a4, d33. 

■1 Engel, B. W., niid Snlinon, W. J}., .J. Sulrilutn, 

1!)41, 22, 109. 


seventh day since by this time all the rats 
would show marked renal hyperemia. 

-A detailed e.vamination of the kidneys for 
structural changes due to this deficiency, led 
to the following conclusions as to the nature 
and sequence of these changes: 

(1) Both grossly and microscopically the 
change observed first is venous stasis result- 
ing in e.'ctreme cyanosis of the outer corte.x. 

(2) .Absence of red blood cells from the 
lumen of the tubules is evidence of lack of 
hemorrhage. 

(3) Epithelial degeneration and necrosis, 
limited to the tubules occupying the outer 
corte.v, are secondary to the vascular dis- 
turbance. 

(4) The lack of glomerular involvement, 
in sharp contrast to the marked tubular in- 
jury, proves interference with venous out- 
flow rather than disturbance of arterial sup- 
ply. 

The outlined sequence of events of the 
renal syndrome is observed in reversed order 
in the phase of recovery, with venous stasis 
disappearing most rapidly, epithelial regen- 
eration following considerably later, and hy- 
aline casts, distended tubules and small scars 
forming the last residues of the disturbance. 
That interference with venous outflow is 
involved, finds support in our observations, 
that ligation of the renal vein in rats results 
in lack of damage to the glomeruli while 
there is marked injury to the tubular 
epithelium. 

Experimental evidence of the priority of 
vascular disorder over epithelial injury is sug- 
gested by the protective effect of renal de- 
capsulation. This operation was performed 
under ether anesthesia on the left side only, 
the right kidney serving as a control. In 
one group of e.xperimental animals an in- 
cision was made on both sides but decap- 
sulation of the kidney was performed on the 
left side only. The operation took place 



281 


15769 

Effects of Benadryl on Anaphylactic and Histamine Shock in Rabbits 

and Guinea Pigs. 

Berry Campbell, Ivax D. Baroxofsky,* axd Robert A. Good. 

From the Departments of Anatomy and Sunjcrj), The Medical School, University of Minnesota. 


Recent work^'- suggests that the mecha- 
nism of anaphylactic shock is best e.xplained 
with the inclusion of a stage at which hista- 
mine is released. On the assumption that 
the release of histamine is, the factor leading 
to shock and death, therapeusis of anaphylac- 
tic and allergic states has turned to 
j3-dimethylaminoethyl benzhydryl ether hy- 
drochloride (“Benadryl”) and related 
drugs."'^ Success in this has been offered 
as further proof of the thesis that histamine 
intoxication is the chief untoward effect of 
anaphylaxis. Protection against anaphylaxis 
by benadryl was reported in experiments on 
passive sensitization of guinea pigs and in- 
travenous administration of the antigen. 

The e.xperiments here reported resulted 
from a search for the antianaphylactic effects 
of benadryl. In the 2 species studied, one 
might e.xpect that if the principal symptoms 
of shock and the cause of death attendant 
on anaphylactic shock were ascribable to the 
release of histamine, the amelioration of 
anaphylactic shock by benadryl would 
parallel its effects on histamine shock. That 
such is not the case is shown by the experi- 
ments which follow; the implications of these 
findings will be discussed. 

Experiment I. To test the effects of bena- 
dryl on histamine shock in rabbits, 25 ani- 
mals were employed, 12 of which received 
premedication with benadryl. The animals 
fell into 3 groups, each containing rabbits of 
similar size and history and each being di- 

* Tr.iiuee of the X.itioual Cancer Institute. 

1 Dragstedt, C. A., J. Allergy, 1945, 16, 69. 

2 Code, C. F., Froc. Staff Meetings Mayo Clin., 
1945, 20, 439. 

3 Loew, E. K., and Kaiser, M. E., Proc. Soc. 
Exp. Biol, axd Med., 1945, o8, 235. 

4 Friedlaender, S., Feinberg, S., and Feinberg, 
A. R.. Proc. Soc. Exp. Biol, and Med., 1946, 
62, 65. 


vided into experimental and control groups. 
Benadryl was administered in divided doses 
totaling 10 mg per kg or in single doses of 

4 mg per kg. Striking protection at all the 
dose levels is demonstrated in Table I. 

Experiment IL To test the effects of 
benadryl on anaphylactic shock in rabbits, 
23 animals were sensitized to egg white. This 
was accomplished by injecting egg white on 
alternate days in the following dosages; 1 cc, 
i.v.; 0.5 cc, i.v.; and 1 cc, i.m. The rabbits 
were used between 3 and 5 weeks following 
the first dose. Group .A consisted of 10 rab- 
bits so sensitized, half of which were pre- 
medicated with 5 mg of benadryl per kg 25 
minutes before injection of the antigen. The 

5 rabbits not treated with benadryl were 
all severely shocked, and 4 of 5 died. Those 
premedicated were similarly shocked, and 
none of the 5 animals recovered. In group 
B, benadryl (5 mg per kg in 3 animals; 10 
mg per kg in 3) was administered 24 hours 
previously, with a second dose 20 minutes 
before the antigen. No difference in the 
effects of a smaller dose of antigen (0.6 cc) 
was observed between experimental and con- 
trol animals. 

Experiment III. To test the effects of 
benadryl on anaphylactic shock in the ac- 
tivelj’- sensitized guinea pig, each of 11 ani- 
mals was sensitized by a single intraperitoneal 
injection of 5 cc 25% egg white in saline. 
Twenty days later 7 of these received 10 mg 
of benadryl per kg administered intraperi- 
toneally. Thirty minutes later 5 of the pre- 
medicated animals and 4 controls were in- 
jected intraperitoneally with 0.75 cc of egg 
white. All animals showed severe shock; 3 
of 4 control, and 3 of 5 treated, guinea pigs 
died. Two animals given only benadryl 
showed no ill effects. 

Discussion. Ex-periment I indicates that 
benadryl is, under the conditions of the e.x- 
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TABLE I. 

Sliowijig Compaiatire Tallies of KEIS 'Potency in a Unit Experiment. 


EEIS coniplemeiit- 
fisatiou titers 


Spleen explaiit 
outgrowth iuKEIS 1;-1 


Xo. 

source 

Primary 

Anamnestic 

t 

Primary 

Anamnestic 

68 

Chick 

1:60 

X 

-f 

X 

69 


1:40 

1:640 

-h + 


70 

Guinea pig 

1:640 

1:12S0 

+++ 

-f 

71 

J} 

1:1000 

1:2000 

+ 

0 

72 

Eat 

1:1000 

X 

0 

X 

73 

ii 

] :320 

1:160 

+ 

++ 


X Animal sacrifleed. 

0 Xo outgrowth — complete inhibition. 
+ Slight outgrowth. 


The serum of rabbit 69 (Table I), treated 
with chick antigen, primarily showed a litre 
of only 1:40. This rabbit was given a 
booster dose 30 days later of 1:25 ml sus- 
pension of 400 mg of chick spleen and 100 mg 
of bone marrow in 6 ml saline. The animal 
was bled 9 days later and at this time the 
“anamnestic” serum, as compared with the 
“primary,” showed a litre for complement 
fixing antibodies of 1:640. A 100% rise in 
the titre was obtained in 2 other rabbits 
previously treated with guinea pig antigen. 
On rare occasions there was no response to 
the booster method (rabbit 73). 

The potenc}' of the serum was also evalu- 
ated by the tissue culture assay method. It 
was previously suggested-'^ that it is possible 
to measure the action of antiorgan prepara- 
tions by the degree of inhibition of cellular 
outgrowth from explants in a medium con- 
taining various concentrations of REIS. The 
outgrowth equivalent to that of untreated 
e.xplants was designated as — | — j — (-• When 
the serum of rabbit 69 (primary titre 1:40) 

oPomerat, C. il., and Anigstein, L., Science, 
1944, 100, 450. 


was tested, the outgrowth of IS- to 17-day 
chick embryonic spleen fragments was mod- 
erately good (-( — [-), showing weak inhibitory 
effect of the serum. However, the serum of 
the same rabbit, after the anamnestic reac- 
tion, reaching the titre of 1:640 almost com- 
pletely inhibited the outgrowth. Marked 
clumping of outwandering cells under the in- 
fluence of the serum of increased potency 
at dilutions of 1:4, 1:8, and 1:16 was noted. 
The anamnestic serum totally inhibited the 
outgrowth in concentrations of 1:4, 1:8, 1:16, 
1:32 as compared with a slight inhibition of 
the primary serum. 

Summary. In the preparation of antiorgan 
sera the administration of small amounts of 
antigen (spleen and bone marrow) was found 
more effective than the rapid immunization 
of rabbits with massive antigen dosage. A 
single injection of the antigen 30-40 days 
after the last dose gives rise to an anamnestic 
response of the host and to a serum of higher 
potency. This can be evaluated by com- 
plement fixation litres and by the outgrowth 
of tissue e.x'plants e.xposed to the action of 
the "anamnestic'' serum. 
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TABLE II. 


Effects of Bcuadrvl on Anapliylaetie .Shock in Babbits. 


Group 

No. 

M't, kg 

.Sensitive 

Preniedieatiou 

Shock dose 

Effect 

A 

1 

2.0 

Yes 

None 

1.0 cc egg white 

4 


O 

l.S 

y j 

} y 

J y 

4 


3 

l.S 

i y 

yy 

y y 

4 


4 

2.0 

y y 

y 3 

yy 

4 


5 

l.S 

y y 

yy 


3 


c 

2.3 

yj 

Benadrvl, i.p., 5 mg per kg 25 

J y 

4 


7 

1.S 

y y 

min before injection witli 


4 


s 

l.S 

} y 

antigen 


4 


9 

2.0 

3 


y y 

4 • 


10 

2.3 

y 


y y 

4 

B 

11 

1.8 

y 

Benadrvl, i.p., o mg per kg 24 

O.G ce 

3 


12 

l.S 

y 

hr before shock, plus 5 mg 

J y 

o 


13 

1.8 

y 

per kg 20 min before antigen. 

yy 

3 


14 

l.S . 

y 

Benadrvl, i.p., 10 mg per kg 24 

y y 

4 


15 

1.S . 

y 

hr before shock, plus 5 mg 


3 


1(5 

1.8 

y 

per kg 20 mill liefore antigen. 

y y 

4 


17 

l.S 

y 

None 

>, 

3 


IS 

l.S 

y 

yy 

yy 

4 


19 

1,8 

y y 

yy 

1.0 ce 

3 


20 

1.8 

y y 

3 y 

3 y 

3 


21 

1.8 

y y 

y y 

y y 

2 


22 

1.8 

y } 

y y 

y y 

4 


23 

1.8 

y 

y y 

y J 

2 





TABLE III. 

-r 



Effects of Benadryl on 

Au«'ipliylactic Shoek in Actively 

Sensitized Guinea Pigs. 


No. 


Preuiedication Antigen 

a ■ Bcsults 


1 

350-400 


None 

0.75 cc egg white, i.p. 

Died in 20 min. 



i 


y y 

y 1 

” ”30 ” 


3 

1 


y y 

y » 

” ”35 ” 


■i 

} 


y y 

y » 

Survived prolonged severe shock 

5 

y y 

10 mg 

per kg 30 min 





before antigen 

> » 

Died in 30 min. 


<1 

y y 



y y 

” ”35 ” 


7 

y t 


y y 


” ”40 ” 


s 

i y 



y » 

Survived prolonged severe shock 

0 





y> yy 

yy yy 

10 

f y 


y y 

None 

No ill effects 


11 

y ♦ 


y y 

f » 

yy yy yy 



tection against histamine shock in rabbits. 
2. Benadryl did not protect against ana- 
phylactic shock in rabbits sensitized to egg 
white. 3. Benadryl did not protect guinea 


pigs actively sensitized to egg white against 
anaphida.Yis induced by intraperitoneal ad- 
ministration of the antigen under the dosage 
conditions emplo3'ed. 
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Group 


A 


Benadryi. on Anaphylactic and Histamine Shock 
. table I. 


Mo. 

Wt, leg 

PiL'Jiiediexitiou 

1 

l.S 

Xoiie 


1.8 

> y 

3 

l.S 

t y 

4 

l.S 

y y 

5 

l.S 

y y 

6 

l.S 

Benadryl, i.p., 5 ing per ke 4 

{ 

l.S 

hr before hist., plus 5 ing 

s 

l.S 

per kg 15 min before hist. 

9 

l.S 


10 

2.5 

None 

11 

3.4 

yy 

12 

3.0 

y y 

13 

3.0 

yy 

14 

3.0 

Benadryl, i.]),, 4 mg per kg. 

lo 

3.2 

15 min. before hist. 

16 

3.0 


17 

3.6 

' 

18 

2.3 

None 

19 

2.3 

y y 

20 

2.3 

y y 

21 

2.3 

tJ 

oo 

2.3 

Benadryl, i.p., 4 mg iier kg. 

23 

2.5 

15 min before hist. • 

24 

2.3 


25 

2.3 



Histamine dose 


2.0 mg (list, pliospli. 


Died before liist. was admin, 

2,75 mg liist. phospli. 

4.13 

3.44 


5.50 


2.10 


2.10 


Effetf 


4 

4 

4 

4 

3 

1 

0 

0 


0 

0 

0 

3 

4 
4 
3 


lated 

shock. 


Eour grades of stiock were as follows: 1, sign? of collapse but animal able to move when stiimi- 
:d; 2, resting in normal po.sitioii but unable to m >ve; 3, prostrate position or on side; 4, de:id of 


perimcDt, an effective antagonist of hista- 
mine. This means either that it opposes his- 
tamine in its effect on the shock organs or 
that it acts chemically to remove or neu- 
tralize histamine. The present experiments 
do not differentiate between these 2 possible 
modes of action and the reader is referred 
to the recent discussion of Code.- The lack 
of antianaphylactic effect of benadryi shown 
in Experiment II, even in doses which were 
highly effective against histamine, indicates 
either that the histamine released upon ana- 
phylactic shock is not vulnerable to this anti- 
histamine drug, or that some other factor is 
involved in the shock and death caused by 
the antigen. As the most recent demon- 
strations of the antianaphylactic nature of 
these drugs have been made on guinea pigs, 
E.xperiment III on that species was set up 
(Table III). The 5 experimental animals 
ell showed severe shock, though treated with 


10 mg per kg of benadryi. Our results seem at 
direct variance with those of Loew and 
Kaiser^ and Friedlaender, Feinberg, and 
Feinberg,'* for they conclude that benadryi 
offers marked protection to anaphyla.xis in 
the guinea pig. However, it is imporfant 
to note that their animals were passively 
sensitized and that they administered the 
antigen intravenously. While the shock states 
which they observed were primarily pulmon- 
ary in nature, in our animals, in which the 
antigen was administered by a different 
route, the shock developed more slowly and 
was characterized principally by prostration 
with few respiratory S 3 miptoms. Similar al- 
teration of anaphylactic shock with routes 
of administration other than intravenous have 
been demonstrated by U’illiamson.-’'’ 

Snmutary. 1. Benadryl offers effective pro- 

5 AVilll.’Uuson, It., H.VIt., 103(1, ;tO, 5SS. 


Activ’Atiox and Inhibition of Plasma Tryptase 


2S5 


that the cholesterol levels were significantly 
lowered, the hens were sacrificed and blood 
collected for lipid analysis. The aorta, about 
a quarter gram of heart muscle and a similar 
mass of liver were individually and accurately- 
weighed, then macerated with sand and 1 to 
3 ether alcohol solution. The e.\tract of each 
organ was analyzed and the amounts of total 
cholesterol and cholesterol esters in 100 g 
of each tissue calculated. Twenty old hens 
fed as simultaneous controls were also sacri- 
ficed and the blood and tissues likewise 
treated. The results are set down as con- 


trols in Table I. 

It is evident that the total blood cholesterol 
and cholesterol ester levels definitely de- 
creased and the phospholipids rose after the 
old hens had been given 0.5 g methionine 
daily for about 3 weeks. .-Vfter 5 to 7 weeks 
treatment, significantly lower levels of the 
blood cholesterol and cholesterol esters were 
established, and the aorta, heart, and liver 
showed significantly' lower lipid levels than 
those of the control series. Methionine there- 
fore, seems to act as a decholesterolizing 
agent in old hens. 
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Fibrinogenolytic Demonstration of Activation and Inhibition of Tryptase in 
Plasma Protein Fraction-I (“Antihemophilic Globulin”).* 

John H. Ferguson, Burton L. Travis, and Earl B. Gerheim. 

From ilie Department of Physiotogy, University of Xortli Carolina, Chapel Sill, X.C. 


Previous e.xperience has shown the superi- 
ority of lysis of fibrinogen* over fibrinolysis- 
in the assay' of try'ptic enzy'mes. Recent re- 
vival of the idea® that the natural blood- 
clotting system involves the same protease 
(serum-tryptase) that is responsible for 
fibrinoly'sis* and other proteolytic phenom- 
ena is based upon e.vperimental analogies 
with crystalline pancreatic try-psin. The 
ability of trypsin to restore or improve the 
clotting of hemophilic blood in vitro^ and 
in 'jivo'^ suggests a plasma tryptase deficiency 

' Tills work is the first iif :i series of investiga- 
tions on “Enzymes and enzyme-inhibitors, in rela- 
tion to blood coagulation and hemorrhagic dis- 
eises, ■’ aided by a grant from the John and Mary 
E. Markle Foundation. 

1 Ferguson. J. H., Peoc. Soc. Exp. Biol, .vxd 
Med., 1943, o2, 243. 

2 Ferguson, J. H., Peoc. Soc. Exp. Biol, and 
Med., 1942, 51. 73. 

3 Ferguson, .T. H., Science, 1943, 97, 319. 

< Nnlf, P., Medicine, 193S, 17, 381. 

•■'Ferguson, ,T. H., .Iia. J. Physiol., 1939, 126, 

C69. 

0 Tagnon, H. J., Proc. Soc. Exp. Biol, axd Med'., 
1944, 57, 45. 


in hemophilia, for which not-altogether-con- 
clusive evidence is afforded by' data”’® on 
proteases demonstrable by the Delezenne and 
Pozerski (1903) chloroform-activation meth- 
od, and by' similar finding® of such proteases 
in certain “globulin” plasma protein frac- 
tions, which the Harvard investigators*® have 
developed in application to the clinical treat- 
ment of hemophilia. The present obsert'a- 
tions employ a fibrinogenolytic reaction* to 
establish some fundamental considerations 
with respect to the development of “try'ptase” 
activity- in fibrinogen-rich human plasma 
fractions, as compared with similar materials 
of boi'ine plasma origin. 

Reagents. 1. H.F.: human plasma Frac- 
tion I, courtesy of Drs. Cohn, IMinot, Edsall, 
and colleagues (Harv'ard iledical School) ; 10-12 

‘ Feissly, E., Schiiei-. Med. TTschr., 1942, 72, 648. 

s Tagnon, H. J., D.avidson, C. S.. aud Taylor, 
F. H. L., J. Clin. Invest., 1943, 22, 127. 

a Kaplan, M. H., Tagnon, H. J., Davidson, C. S., 
and Taylor, F. H. L., .7. C/in. Invest., 1942, 21, 533. 

10 Lewis, J. H., Tagnon, H. J., Davidson, C. S., 
Minot, G. E., and Taylor, F, H. L.. Blood, 1946, 
1, 166. 
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Methionine Decholesterolization in Old Hens,** 

George R. Herrmann. 

From the Vnivcrmly of Xcjii.i, Medicul Drnnch, Giilvcxtoii, Texas. 


Choline has been shown in our previous 
studies to have a decholesterolizing effect in 
old hens.^ Methionine has been found to take 
part in a reversible reaction with choline in 
the animal body- and to substitute for 
choline* and be effective in lipid metabolism 
disturbances in the liver of mammals.'*'* It 
therefore seemed logical to study methionine, 
just as we have choline and inositol, as a 
possible decholesterolizing agent in old hens 
with ' hypercholesterosis. 

Forty-four 2-year'Old white leghorn hens 
were individually caged and fed the standard 
Te.xas A & M laying mash. The initial 
blood lipid levels were determined by the 


methods of Bloor'* for total cholesterol, Bloor 
and Knudson' for cholesterol esters, and 
King* for total and inorganic phosphorus. 

Methionine, 0.5 g, was placed daily in the 
gullet of each of 24 of the old hens. One 
hen died of liver disease. .After feeding the 
methionine for 18 to 29 days, the hens were 
bled a second time and the blood lipids were 
again determined, but, as shown in Table I, 
very little decholesterolization had occurred. 
The administration of methionine was con- 
tinued, third bleedings were made after 36 
to 51 days, and the bloods chemically ana- 
lyzed as before. 

IVhen random samples of blood showed 


TABLE I. 

Effect of itetliioniuo on Ciiolcsterol in Blood :iii(3 Tissue of Old Hens. 


Tissue eliolesteiol, mg/ 100 g 



IjIocki cholesterol, 
mg/100 ml 

I.ipid 

Pliosphotus, 
nig/100 ml 


rf.a 

Heart 

— 

Liver 


Total 

Esters 

Total 

A 

Kstei'rf 

Total 

Ksters 

Total K-itotii 

Controls 

20 old hens 

S.D.'' 

195 

±18 

147 

±20 

lo.r 

±2 

253 

±o0 

1S8 

±47 

233 

±48 

172 

±30 

303 220 

23 old hens 

1st bleeding 
.S.B. 

228 

±33 

171 

±23 

11.2 

±2.3 






ilethionine 

2nd bleeding 

18-29 days S.D.* 
3rd bleeding 

3()-.A7 dnys S.D.* 

171 

-4-29 

138 

±25 

126 

-(-28 

95 

-(-24 

14.3 

±2.4 

16,0 

dt"! 

1.1(1 

±21 

102 

±21 

133 

±19 

91 

±13 

10!> 


* S.D, — Htuiidanl Deviutioii. 


* Witli the tochiiic.il .-issistaiicc of .\iiiiii It. %Yil- 
lianis, Betty -Viiii Biel. .Tohii E, Bvesvett, H. Tom 
Leigh, null Genige \V. Iteimer. 

} Methionine wus generously supplied By John 
AvVetli Cmnpuny. I'hiludelpMu. niiil the .study w;is. 
in'p.urt. supported by a grant from the Medical 
Besearcli Bepnrtineiit of the Wiuthrop Cliemieal 


Company. .. .. t> 

iHerrinunn, G. B., Fnoc. Soc. L.xf. Bioo. an'O 
Mra.,19-l«,«l-229,302; 03. -toe. 

eSimnionds, S., and du Yigneaud. A., J. 
CUrm., 1942. 140, 085. 


•IGritlith, tV. H., .and W.ade, N. .T., J. SioL 
Chem., 1939, 131, 507 : Gi inith, tV. U., J. .Vu<riO'on, 
1040, la, 437. 

■I CIninnou, -V. J., Manifold, M. C., and Eehstein, 
11. C., J. JHol. Cliciii., 1940, 13.1, 880, 

Tucker. It. B., Treadivell, C. K., and Eckstein, 
II. C,, J. ISioh CUem.. 1940, 13.'>, S5. 

I! Bloor, AV. It., J. Biol. Chem., 1910, BI, 227. 

T Bloor, AV. B., and Knudson, Viol. Chem., 

1916, 37, 107. 

sKiiig, E. .T., J. liiol. Cliim., 1932, 30, 240. 
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TABLE II. 

Eibrinogouolysis by Tinyiiig Streiigtb of Stroptok'mase Solution. 

L = 5 ee H.F. + 0.5 cc buffer + 0.5 ec strci). (strengths cited), incub.ated .at lO'C for 
periods stated. Clotting-tiincs (see.) at •i5°C for O.o ee L + 0.5 ce T (I'/c). 



strength 










L. 

strep. 

15 sec. 


7* 

1 

.> 


3 

4 

S IS hr 



sec. sec. 

see. 

sec. 

sec. 

sec. 

sec. 

sec. 

sec. 

sec. sec. 

1. 

0.03 

0 7 

8 

11 

13 

25 

35 

45 

53 

3G0 M 

O 

0.1 

G 9 

13 

21 

oi 

174 

300 

CO 



3. 

0.5 

G IG 

40 

105 

CO 






4. 

1.0 

G 19 

G5 

1S6 

CO 










TABLE 111. 







Pibriiio^enolvtic Tests for Tryptogeii 

in Plasma 

Fraetions. 


L = 

5 cc cited fractions 4- 0.5 ce 

strep. ( 19 t) 

incubated at 40°C for periods stated. Clotting 

limes (seo.) for 0.5 e 

c ij O.o cc i’ 

). 







L. 

Eraetion 

15 see 

Vi hr 

% 


1 

1V4 


o 

5 21 hr 



sec. 

sec. 

sec. 

sec. 

soc. 

sec. 

sec. 

sec. 

sec. sec. 

1. 

H.E. 

7 

9 

10 

00 

420 

00 




O 

B.E. 

5 

5 

5 

5 

5 

5 

o 

5 

5 0 

3. 

H.F. 

5 

5 

5 

9 

25 

100 

cc 




B.F. 










4. 

H.Fb. 

G 

24 

00 







5. 

B.Fb. 

5 

5 

5 

5 

5 

5 

5 

5 

5 5 

0. 

B.Fb. 

5 

5 

5 

10 

45 

2GU 

cc 




H.F. 











terials. on the other hand, are remarkably 
stable. B.F. remains clear and gives identical 
c.t., with T, for 7-10 days at room tempera- 
ture. The fibrin clots show no visible change 
in 10-14 days at 40°C. 

Fibriiiogenolysis by varying strengths of 
streptokinase solution. (Table 11). The 
clear supernatant from extracting 100 mg 
crude streptokinase with 10 cc buffer solution 
is decanted and filtered through glass-wool 
to yield a solution designated ‘T%,” 
from which dilutions are made for the tests 
of Table II. Concentrations of 0. 5-1.0% 
are about optimal and weaker solutions give 
slower fibrinogenolysis in H.F. The strep- 
tokinase extraction for use in these tests re- 
quires fresh preparations, since solutions rap- 
idly lose potency and are inactive within 24- 
48 hours even at ice-box temperature. Solu- 
tions of 0.01% (or less) show no fibrinogenol- 
ysis but continue to give the same (6") c.t. 
as controls (buffer only) in tests extending 
over 18 hours at 40“C. 

Fibrinogenolytic tests jor tryptogen in plas- 
ma fractions. {Table III). Recent work- 

ir Jtilstone, H., J. Immunol., 1941, 42, 109. 


ersH-io shown that streptokinase is not, 
as long believed,^* itself the proteolytic agent, 
but merely the kinase or activator of enzyme- 
precursor (tryptogen) in plasma. The e.xtent 
to which one-tenth volume of 1% strepto- 
kinase can activate the tryptogen in the pres- 
ent plasma fractions is brought out by the 
fibrinogenolytic tests of Table III. The high 
content of tryptogen in H.F. and H.Fb. is 
clearly shown as compared with the absence 
of tryptase development in B.F. and B.Fb. 
That the failure to lyse B.F. and B.Fb. is 
due to lack of enzyme precursor rather than 
to presence of inhibitors in the bovine ma- 
terial is shown in Exp. 3 (and 6), where a 
mixture of H.F. and B.F. (or B.Fb.) shows 
complete lysis of all the fibrinogen, bovine as 
well as human, in very little longer time than 
the human alone (Lj). These data also rule 
out any strict species specificity and some 
similar experiments on dog fibrinogen add 
further evidence on this point. 

IS Kaplan, M. H., Pkoc. Soc. Exp. Biol, and 
Med., 1944, 57, 40. 

n» Cliristensen, L. B., and MacLeod, C. M., J. Gen. 
Physiol, 1945, 28, 559. 
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TABLE I. 

CTotthig-Hines in Belatioii to Concentiaf ion of 
Clotting-times (sec.) at L’5°C for 0.5 ee F (streiigtlis^ 


Plnsinn Fraction.* 
cited) -f 0.5 ee T 


( 1 %). 



Plasma 

Strength’ 

* pf solution (% dry 

weiglit of original fraction) ; 

F. 

fraction 

2.0 

1.0 

0.5 

0.2 

0.1 

0.05 

0.02 

o.oi 

1. 

H.F. 

sec. 

sec. 

see. 

sec. 

sec. 

sec. 

see. 

see. 

7 

6 ‘ 

6 

8 

14 

35 

115 



H.Fb 

G 

5 

o 

8 

13 

34 

130 


3. 

B.F. 

0 

o 

0 

6 

7 

10 

47 

115 

4. 

B.Fb. 

7 

6 

o 

6 

8 

18 

126 



Fractious I contain about 60% eoagul.able dbriuogen, rrlicreas the tibrinoirens are .ahnut 
90% coagulable. 


2. H.Fb.; human fibrinogen, purified, courte- 
sy of Harvard workers; 3. B.F.: bovine plas- 
ma Fraction I, courtesy of Dr. Lesh (Armour 
Laboratories);! 4. B.Fb.: fibrinogen, repptd. 
X 2 from B.F. by ^ sat. (NHr)«S 04 ; 
S. Strep.: streptokinase (miscalled “strepto- 
coccal fibrinolysin”) prepared according to 
the methods of Tillett and Garner.*® Extrac- 
tion of 100 mg with 10 cc borate buffer* 
yields a clear supernatant which is removed 
from the insoluble residue for use .in the 
tests; 6. T: thrombin, enzyme-free, in the 
form of “rabbit hemostatic globulin,” courte- 
sy of Dr. Parfentjev (Lederle Labs).** The 
dried material is soluble in 1.0% solution in 
borate buffer; 7. Hep.: Sod. heparinate 
(Lederle), 1 mg = 100 Toronto units, 1% 
soln.; 8. T.I.: crystalline trypsin-inhibitor, 
from pancreas, courtesy of Dr. Kunitz (Rock- 
efeller Institute, Princeton);*® 9. S.B.I.: 
crystalline trypsin-inhibitor' from soybean, 
courtesy of Dr. Kunitz;*® 10."‘Egg: commer- 
cial egg-albumen (“albumin, egg, soluble 
powder,” Merck), a preparation in laboratory 
stocks for many years; 11. E.I.: a plirified 
inhibitor from egg-white, sent us by Dr. T. 


11 Cohn, E. J., ct al., J- Am. Cliem. Soc., 19-tO, 
68, 459. 

l2Edsall, J. T., Ferry, E. M., and Armstrong, 
S. II; Jr., J. Clin. Invest; 1944, 23, 557. 

t Lesh prepares bovine plasma fractions on the 
principles worked out at Harvard. 

13 Garner, E. L., and Tillett, W. S., J. Exp. Med., 


1934, 60, 239. 

14 Parfentjev, I. A., GoodUne, it. A., and Clapp, 
F. L., J. Lai). Clin. Med., 1943, 28, 14(35. 

loKunite, iL, aixl ^’orthrop, J. H., J. Gen. 


Physiol; 1936, 10, 991. 

16 Kunitz, M., J. Gcn.Fliyswl; 


1946, 29, 149. 


E. Weichselbaum (Washington Univ., St. 
Louis) 6 years ago; 12. Buffer: borate buf- 
fer,* pH = 7.7, used as solvent and diluent 
throughout. 

Clotting-time in relation to concentration 
of plasma fraction (Table I). Percentage 
concentration is in terms of dry weight of 
original material. It is not corrected for 
small amounts of insoluble matter and for 
somewhat significant contamination with non- 
coagulable protein. Fractions I yield about 
60% true fibrin, whereas fibrinogens • are 
about 90% clottable. The data in Table I 
vary slightly from e.xperinient to e.xperinient 
but the values do afford a fair approximation 
of the amounts of fibrinogen equivalent to 
the various clotting-times (c.t.) throughout 
the present studies. Solutions of 0.5- 1.0% 
give optimal clotting-times and are used 
throughout. Such concentrations are admit- 
tedly high for maximal sensitivit)' of fi- 
brinogenolytic tests but are preferred for 
testing their content of proteolytic enzyme 
system. 

Fibrinogenolytic tests for tryptase in plas- 
ma fractions (H.F., H.Fb., B.F., and B.Fb.) 
There is no demonstrable fibrinogenolysis in 
these 4 plasma fractions in 24-48 hr. Clot- 
ting tests of 0.5% solutions, sampled at 
intervals and added to 0.5 cc T, gave c.t. of 
5-6 sec. e.xcept in H.F. (48 hr.) and B.Fb. 
(24 hr.) where 10" and 14" c.t., respectively, 
were, due to removal of some fibrinogen by 
“spontaneous” clotting, of very minor im- 
portance. That minute traces of tryptase are 
present, nevertheless, in the human fractions 
is indicated by lysis of their fibrin clots on 
overnight incubation at 40'’C. Bovine ma- 



Activation and Inhibition of Plasha Tryptasi; 


289 


TABLE V. 

Fibiiiiof'fiiulytic Tests of Trypsin Inhibitors. 

Lytic mixture (L) =i 5 ce H.P. (O.'tVc) or H.Fb. (1%) + O.o ec strep, (l^o) + 0.5 cc cited jiiliib- 
itor, incubated at 40°C for periods stated. Clotting-times (see.) iit 25°C' for 0.5 ce L + 0.5 ce T (1%). 


L. Fraction Iiiliibitor 15 sec Vi iir ’'i 1 114 Hi - -Vi -V 2 3 S 12 24 hr 





see. 

see. 

sec. 

see. 

see. 

see. 

see. 

sec. 

see. 

see. 

sue. 

see. 

see. 

sec. 

1. 

H.P. 

none 

0 

13 

27 

64 

95 

320 

CO 








0 

H.F. 

egg (17c) 

0 

1 

HI 

13 

19 

r’O 

37 

83 

123 

cc 





3. 

H.P. 

S.B.I.(lr,'c) 

0 

Ij 

t) 

6 

G 

6 

G 

G 

6 

G 

0 

G 

6 

6 

4. 

H.Pb. 

none 

G 

24 













0. 

H.Pb. 

E.I. (ir/,) 

0 

S 

32 

16 

20 

27 

35 

53 

— 

— 

95 

sc 



<>. 

H.Pb. 

T.I. (ir,M 

() 

1) 

(] 

ll 

G 

G 

G 

0 

— 

— 

6 

G 

6 

0 


(original 7" clotting-time) in T.I., mere trace 
(10" c.t.) in S.B.I., and advanced Ij’sis (480" 
c.t.) in E.I. The last, therefore, acted weak- 
ly but the crystaU'me inhibitors were very ef- 
fective. T.I. showed no lysis whatever in 
48 hours, whereas S.B.I. gave clotting-times 
25", 114", 168" at 24, 36 and 48 hours, re- 
spectively, showing that the tryptase action 
finally broke through the inhibition. It is 
perhaps noteworthy that tryptase activity is 
demonstrable after such long periods, despite 
the e%’idence (Table IV) of a definite degree 
of instability. « 

Streptokinase, etc. In the absence of plas- 
ma protease (tryptase) or its precursor 
(tryptogen), the streptokinase lacks prote- 
olytic, thrombic, or thromboplastic effects. 
It is possible, of course, to obtain tryptase 
in fibrinogen-free plasma fractions. The very 
important thromboplastic action of this plas- 
ma protease will be reported in a subsequent 
communication. 


Nomenclature. Similarities to pancreatic 
trx'psin, e.g. 1. alkaline pH optimum, 2. varie- 
ty of proteins attacked (fibrin, fibrinogen, 
prothrombin, gelatine, casein, hemoglobin, 
etc.), 3. effects of known trypsin-inhibitors, 
and 4. clot-aiding actions, favor continued 
characterization of the plasma protease as a 
“tfyptase” or trypsin-like enzyme.' The new 
^Wrm plasmnP-^ is acceptable but hardly neces- 
sary and, pending isolation, perhaps some- 
what premature. The ambiguous term 
"Jibrinolysin,” which has been used both for 
the tryptokinase"- and for the active tryp- 
tase-^ should obviously be avoided. 


Summary. The present study is based up- 
on the use of a fibrinogenolytic (rather than 
fibrinolytic) technic for demonstration of a 
natural plasma protease (tryptase) and its 
precursor (tryptogen) in the fibrinogen-rich 
plasma fractions. The value of streptokinase 
(miscalled “streptococcal fibrinolysin”) for 
activation of the enzyme precursor is con- 
firmed and tests are presented to show that 
failure to secure proteolytic effects e.g. in 
bovine plasma Fraction I, is due to lack of 
tryptogen (tryptase precursor) rather than 
to any significant presence of tryptase-in- 
hibitor. 

Heparin, unaided, shows no enzyme-inhib- 
itory effects in the cited tests. .Antitryptase 
effects of (a) crystalline inhibitors, from pan- 
creas and soybean, and (b) crude and frac- 
tionated egg-albumen, favor the characteriza- 
tion of the plasma protease as a “tryptase.” 

Confirmation of the existence of tryptogen, 
together with a trace of active tryptase, in 
H.F. (“antihemophilic globulin”) is further, 
but still inconclusive, evidence that the source 
of the coagulation defect in hemophilia is to 
be sought for in the complexities of the plas- 
ma protease system. 


The Iiumaii piasma fractions used in this work 
were prepared from blood collected by the .-Vmer- 
icau Bed Cross under a contract between the Office 
of Scientific Besearch and Development and Har- 
vard University. 

Kaplan, Jl. H., J. Clin. Invest, 1946, 25, 331. 

=3 Loomis, E. C., George, C., Jr., and Ryder, A., 
Arch. Biochem., 1947, 12, 1. 
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TABLE IV. 

Fibrinogenolytie Tests of Effects of Heparin on Tryptaso Eorniatiou and Stability. 

Lytic mistnies at for periods stated. All reagents 0.5%. Ciotting-times (sec.) at 25°C for 0.5 
ec L + 0.5 ee .T (1%). Lj (ivif/iouf hepai-in) : tes's 3-G. h-, {with bepaiiii): tests 7-10. 


L. 

Lytie mixture 

15 set 14 hr 

Va 

% 

1 

2 

4 

G 

17 

24 lir 

1. 

2. 

10 ce H.F. -f 1 re buffer -f 1 
cc Strep. , 

10 ce H.F. + 1 ce Hep. + 1 
cc Strep. 

sev. 

« 

25 

see. 

16 

see. 

OQ 

sec. 

105 

see. 

CO 

see. 

see. 

sec. 

sec. 

Sec. 

3. 

5 ce B.F. A- 1 ee Lj ( 15' olU) 

5 ” ” -h 1 ” ” ( 25’ ” ) 

i> 

1) 

G 



0 

7 

11 

20 

4S0 

X 

4. 

G 

6 

6 

— 

G 

6 

sy. 

10 

100 

103 

5. 

5 ” ” 1 ” ” ( 30' ” ) 

t> 

6 

6 

— 

6 

6 

7 

8 

35 

.Ilj 

0. 

3 ” ” -pi”” (100' ” ) 

6 

6 

6 

— 

6 

6 

6 

6 

14 

10 

7. 

5 ” ” -P 1 ” L.. ( 13' ” ) 

12 

12 

13 



U 

18 

28 

40 

ISO 

.U(1 

8. 

5 ” ” -P 1 ” ”■ ( 23' ” ) 

12 

12 

12 

— 

13 

16 

20 

28 

140 

IW 

9. 

5 ” ” -P 1 ” ” ( 50' ” ) 

12 

12 

12 

— 

12 

14 

IG 

21 

52 

t)l) 

10. 

5 >> >> -P 1 ” ” (100’ ” ) 

12 

12 

12 

— 

12 

13 

14 

17 

34 

ns 


Instability, of activated tryptasc and ejects 
of heparin. (Table IV). Some preliminary 
tests showed that 1 cc of (H.F. -j- strep.) 
lysate had a stronger effect in lysing 5 cc of 
fresh H.F. if added at (or before) the time 
of complete lysis in the original mixture than 
if added later. Because of the 

■finding that heparin apparently enhances the 
potency of the tryptase, and because this 
might possibly be due to some stabilization 
of the enzyme, the stability tests of Table IV 
were conducted with and without heparin. 
.At incubation periods of 15, 25, 50, 100 min- 
utes, I cc samples were removed from 
(H.F. -I- strep.) lytic mixtures (a) without 
(Li) and (b) with (La) one-tenth volume 
of 0.5% heparin (v. reagents). On addition 
of the 1 cc samples to 5 cc B.F. (0.5%), 
and observation of the rather slow fibrino- 
genolysis, the activity differences are clearly 
brought out. The instability .of tryptase oc- 
curs in both series, so there is no evidence 
that heparin is stabilizing the enzv-me. The 
best e.\-planation of the apparent improvement 
of tryptase activity in the heparinized mix- 
tures is that there is some immediate anti- 
thrombic action of heparin--®--' While this 
merely increases the clotting-time from 6 
to 12" while the fibrinogen is at, or close to, 
full strength, it would becom^more signifi- 
Gl-.viko, A. .T.. Am. J. 


pjiysiot., 19-il, 134, 47. 
GJazko, A. J., ■'mtl 


Ferguson, 


J. XL, 


Am. 


J. 


JPhj/sioL, 


cant as the fibrinogen is weakened by tryptic 
lysis. In support of this explanation, mix- 
tures of B.F. diluted to contain in 0.5 cc vol- 
ume 0.5, 0.2, 0.1, 0.05% of protein, and all 
treated with 0.05 cc of heparin (diluted to 
give the identical concentration of the above 
tests) and then clotted with the usual 0.5 cc 
T, give clotting-times; 12", 18", 35". 100" 
as compared with controls (without heparin); 
SyS", 6", 7", 10". Obviously, the anti- 
thrombic effect of heparin is much stronger 
with weaker fibrinogen concentrations. 

Fibrinogenolytic tests of trypsin inhibitors. 
(Table V). The effects of known inhibitors 
(of pancreatic trypsin) on the natural plas- 
ma tryptase system are illustrated by selected 
tests, using both H.F. and H.Fb., in the 
first instance, on the original protein -f .strep- 
tokinase mixture. Inhibition is readily re- 
vealed by the fibrinogenolytic test method 
and is demonstrated for (a) crystalline 
trypsin-inhibitors, both from pancreas (1.1.) 
and from soybean (S.B.I.), and (bj egg- 
alfaumen, crude (Egg.) and fractionated for 
trypsin-inhibitor (E.I.). 

In a second approach, in confirmation of 
the ability of these inhibitors to inactivate 
fully-formed tryptase, not merely to prevent 
its formation (possible antikmase action), 
additional tests rvere made on mixtures: 

- B P. -{_ 0.5 cc fresh lysate (H.F. — 
strep, incub. 3S min.) -f O.S cc inhibitor 
solution. The control (buffer only) lysed in 
12 hours, at which time there was no lysis 
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TABLE V. 


Eibriiiogunolytic Tests of Trypsin Inhibitors. 

Lytie mixture (L') =: 5 ee H.E. (O..I%) or H.Fb. (l'9i-) + 0.5 ce strep. (1%) + 0.5 cc cited iiiliib- 
itor, incubated at for periods stated. Clotting-times (see.) at -5°C for 0.5 ce L + 0-5 ce T (19o). 


L. 

Fraction 

Inhibitor 15 sec 14 hr 


44 

1 

1V4 

IVj 

O 

2% 

2% 

3 

S 

12 

24 hr 




sec. 

sec. 

sec. 

see. 

sec. 

see. 

see. 

sec. 

see. 

see. 

see. 

sec. 

see. 

sec. 

1. 

H.F. 

none 

.5 

13 

27 

134 

95 

320 

so 








o 

H.F. 

egg (1%) 

o 

1 

HI 

13 

19 

29 

37 

S3 

123 

so 





3. 

n.F. 

3.B.I.(l;^,) 

G 

t) 

G 

6 

6 

6 

0 

G 

G 

G 

6 

G 

G 

6 

4. 

H.Fb. 

none 

6 

24 

CO 












5. 

H.Fb. 

E.I. (i:,.i 

5 

S 

12 

Hi 

20 

27 

35 

53 

— 

— 

95 

sc 



<). 

H.Fb. 

T.I. (I'.V) 

() 

() 

tj 

G 

G 

a 

tj 

G 

— 

— 

G 

G 

G 

G 


(original 7" clotting-time) in T.I., mere trace 
(10" c.t.) in S.B.I., and advanced lysis (480" 
c.t.) in E.I. The last, therefore, acted weak- 
ly but the crystalline inhibitors were very ef- 
fective. T.I. showed no lysis whatever in 
48 hours, whereas S.B.I. gave clotting-times 
25", 114", 168" at 24, 36 and 48 hours, re- 
spectively, showing that the tryptase action 
finally broke through the inhibition. It is 
perhaps noteworthy that tryptase activity is 
demonstrable after such long periods, despite 
the evidence (Table IV) of a definite degree 
of instability. « 

Streptokinase, etc. In the absence of plas- 
ma protease (tryptase) or its precursor 
(trj'ptogen), the streptokinase lacks prote- 
olytic, thrombic, or thromboplastic effects. 
It is possible, of course, to obtain tryptase 
in fibrinogen-free plasma fractions. The very 
important thromboplastic action of this plas- 
ma protease will be reported in a subsequent 
communication. 

Nomenclature. Similarities to pancreatic 
trypsin, e.g. 1. alkaline pH optimum. 2. varie- 
ty of proteins attacked (fibrin, fibrinogen, 
prothrombin, gelatine, casein, hemoglobin, 
etc.), 3. effects of known trypsin-inhibitors, 
and 4. clot-aiding actions, favor continued 
characterization of the plasma protease as a 
1‘tryptase” or trypsin-like enzyme.' The new 
'term plasmin'"^ is acceptable but hardly neces- 
sary and, pending isolation, perhaps some- 
what premature. The ambiguous term 
“jibrinolysin,” which has been used both for 
the tryptokinase"- and for the active tryp- 
tase-^ should obviously be avoided. 


Summary. The present study is based up- 
on the use of a fibrinogenolytic (rather than 
fibrinolytic) technic for demonstration of a 
natural plasma protease ( tryptase ) and its 
precursor (tryptogen) in the fibrinogen-rich 
plasma fractions. The value of streptokinase 
(miscalled “streptococcal fibrinolysin”) for 
activation of the enzyme precursor is con- 
firmed and tests are presented to show that 
failure to secure proteolytic effects e.g. in 
bovine plasma Fraction I, is due to lack of 
tryptogen (tryptase precursor) rather than 
to any significant presence of tryptase-in- 
hibitor. 

Heparin, unaided, shows no enzyme-inhib- 
itory effects in the cited tests. .Antitry ptase 
effects of (a) crystalline inhibitors, from pan- 
creas and soybean, and (b) crude and frac- 
tionated egg-albumen, favor the characteriza- 
tion of the plasma protease as a “tryptase.” 

Confirmation of the existence of tryptogen, 
together with a trace of active tryptase, in 
H.F. (“antihemophilic globulin”) is further, 
but still inconclusive, evidence that the source 
of the coagulation defect in hemophilia is to 
be sought for in the complexities of the plas- 
ma protease system. 

The human plasma fractions used in this work 
were prepared from blood collected by the Amer- 
ican Bed Cross under a contract between the Ofiico 
of Scientific Eeseareh and Development and Har- 
vard University. 

22 Kaplan, M. H., J. Clin. In vest., 194e, 25, 331. 

23 Loomis, E. C., George, C., Jr., and Ryder, A., 
Arch. Biochem., 1947, 12, 1. 
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The Serological Differentiation of Mumps Complement-Fixation Antigens.* 
Gertrude Henle, Werner Henee, and Susanna Harris. 

From the Children’s Uosiiital of Philadelphia (Veparimtnt of Pediatrics, School of Medicine, 
University of Pennsylvania), Philadelphia, Pa. 


The recent adaptation of mumps virus to 
the chick embryo by HabeF and others-’" 
has greatly facilitated the serological diag- 
nosis of the disease in its various manifesta- 
tions and has placed such tests within the 
reach of the routine laboratory. The oc- 
currence of a hemagglutination phenomenon 
similar to that observed with the influenza 
viruses permits the determination of anti- 
bodies by the inhibition of this reaction, as 
shown by Levens and Enders.- In addition, 
various materials derived from the infected 
chick embryo have been shown to contain 
complement-fi.xation antigen. Following the 
inoculation of the virus by different routes 
antigen was found in suspensions of the al- 
lantoic,- amniotic- and yolk sacs,*"® and in 
the allantoic^ and amniotic fluids.^-- Studies 
in this laboratory, aside from confirming 
the earlier observations, were concerned with 
the demonstration of differences in the mumps- 
specific antigenic properties of suspensions 
of infected allantoic and amniotic sacs on 
the one hand, and of allantoic and amniotic 
fluids on the other. 

Methods and Materials. A strain of mumps 
virus adapted to the amniotic sac of the chick 
embryo was kindly supplied by Dr. Enders. 
It has been propagated in this laboratory 
both in the amniotic and allantoic sacs of 
8-day-old chick embryos for 8 to 14 con- 
secutive passages, using for the transfers 
10- to 10,000-fold diluted amniotic or al- 
lantoic fluids, respectively. For both routes 
a hole with a diameter of about 1 cm was 
cut with scissors into the shell over the air 

* Tlie work deseribod in Uds iJ;iiH‘r wis aided by 
tlie Office of Xav.al Eesearcli. 

lllabel, K., Pnb. Health itep., 1345, fiO, 201. 

2 Levens, J. H., and Ender.s, .T. P.. Science, 134.5, 

3 Beveridge, AV. I. B., Lind, P. L., and Anderson, 

S. G., An.dral. J. ExP- Eiol. and Med. Sci., 1340, 

24 , 15 . 


sac after the shell had been sterilized with 
70% alcohol. In the case of the allantoic 
inoculation the needle was slipped just un- 
der the membrane to assure injection of the 
seed into the allantoic sac which is still very 
small on the 8th day of incubation of the 
embryo. For the amniotic inoculation a 
small part of the exposed shell membrane 
was removed over the approximate location 
of the embryo and the inoculum was de- 
posited into the amnion under full visibility 
of this structure. The hole in the shell was 
sealed with scotch tape. After further in- 
cubation of the eggs at 35 to 37°C for 5 
to 7 days, the virus usually attained maximal 
concentration in the respective embryonic 
fluids as measured by infectivity titrations in 
the chick embryo, hemagglutination and com- 
plement-fixation tests. At this time the al- 
lantoic and amniotic fluids and the corre- 
sponding membranes were harvested separate- 
ly. The membranes ivere emulsified by 
means of a Waring blendor in saline solution 
to form a 10 or 20% suspension. 

Infectivity titrations ivere performed in S- 
day-old chick embryos by the injection of 
the virus preparation diluted in steps of 10 
in broth by the allantoic (0.5 ml inoculum) 
or the amniotic routes (0.2 ml inoculum) 
depending on the passage series of virus used. 

For the hemagglutination test 0.4 ml of 
virus suspension ivas mixed with 0.2 ml of a 
1% suspension of washed fresh chicken red 
cells and the mixtures w-ere incubated at 
4'‘C until the erythrocytes had settled. The 
degree of agglutination ivas determined by 
the pattern formed by the cells at the bottom 
of the test tubes. 

The coniplenient-fi.vation technic was the 
same as employed for the studies on the 
antigenic differentiation of influenza anti- 
gens.* Dilutions of antigen, serum and 

■t xnener, M., Hfiile, 5V., .iml Ucnle, (!., ./. Erp. 
.Ved.. I04i;, «.’J, 2.53. 
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guinea pig complement were mixed using 
0.1 ml amounts of each. The mixtures were 
incubated at 37°C for one hour before the 
addition of 0.2 ml of sensitized sheep red 
cells {2.5fc suspension). .After further in- 
cubation for 20 minutes at 37°C and over- 
night at 4'C, the tests were read by esti- 
mating the degree of hemolysis obtained. Two 
uhfts'of amboceptor and 1.3 units of “Lyovac’' 
complement* were employed. The highest 
initial dilutions of antigen or serum giving 
complete fixation of complement (no hemoly- 
sis) were recorded as titers. ^Most tests were 
performed according to optimal titration tech- 
nic since zone phenomena were observed fre- 
quently in agreement with earlier observa- 
*tions by Enders and- co-workers.^ Human 
-convalescent sera were used in these studies 
'and the results were compared whenever pos- 
sible with those obtained with sera from the 
•same patients taken during the first days of 
the disease. Control antigens iwere prepared 
from suspensions of allantoic' and amniotic 
membranes -derived from normal embryos or 
from eggs infected with' influenza B 
in a manner corresponding to that used for 
the mumps preparations. . '■ 

Experimental. Upon . allantoic inoculation 
of mumps virus of the allan(oic-passage se- 
ries, complement-fixation antigen .was, found 
in the '.allantoic fluids ^nd membranes and 
in the.' amniotic sacs, but none or little in 
the amniotic fluids. The allantoic tissue 
usually .'contained higher titers of antigen 
than the amniotic sac. Conversely, following 
amniotic injection of virus of the amniotic- 
. passage series, higher titers, of antigen were 
-noted in' the amniotic sac than in the allantoic 
-tissue -and, in early passages, the allantoic 
-fluid gave negative or weak reactions in con- 
-tr^t to the strongly positive results with the 
amniotic • fluids. Normal allantoic and 
-amniotic fluids did not react with any of 
the sera used, whereas positive reactions with 
the suspensions of normal allantoic and 
amniotic membranes were obtained with some 
of the sera in low dilution. The antigen 

t Generously supplied by Sh.irp .md Dohme, lue. 

^Eiider-s, J. F., Cohen, S., and Kane, W. W., 
J. E-rp. Med., 1945, 81, 119. 


titers in the infected fluids, varying between 
1:2 and 1:8, were lower than those observed 
in the corresponding membranes which were 
found to lie between 1:16 and 1:128. Hemag- 
glutination tests, on the other hand, showed 
high titers in the fluids (1:256 to 1:1024 for 
allantoic, and 1:1024 to 1:8192 for amniotic 
fluids) but were low or negative with the 
suspensions of membrane. Although inter- 
pretation of the results of hemagglutination 
tests with the tissue suspensions has to take 
into consideration the inhibitoiy effect of 
some component in the emulsion, the data 
are comparable to those of infectivit}' titra- 
tions. In these the fluids revealed titers 100 
to 1000 times higher than the suspensions of 
the membranes. The number of S0%-in- 
fectivity doses (ID.ro) in the fluids varied 
from lO’-" to 10*-® per ml in the reported 
e.xperiments. whereas the suspensions of 
membranes gave values between 10*-^ and 
lO’’-*. These observations failed to show a 
correlation between the infectivity and 
hemagglutinin titers on the one hand, and 
the concentration of complement-fixation 
antigen on the other. This discrepancy has 
already been noted by Levens and Enders.- 

These data suggested further comparisons 
among the various materials in regard to the 
nature of the antigens they contained. By 
the use of high speed centrifugation it could 
be shown that the mumps antigens of al- 
lantoic and amniotic fluids were sedimented 
together with the virus particle at 20,000 
r.p.m. for 20 minutes. The infective, hemag- 
glutinating and complement-fixing properties 
were found in the sediment whereas the su- 
pernatant fluid gave negative complement- 
fixation tests and only low titers of virus 
and hemagglutinin. This is in agreement 
with the findings of Beveridge and Lind.® 
From the tissue suspensions, on the other 
hand, only part of the complement-fixation 
antigen was removed bj'^ this procedure al- 
though the infectivity of the supernatant flu- 
id showed a decrease in titer comparable to 
that^ observed with infected allantoic and 
amniotic fluids. The hemagglutination re- 

0 Boveridge, "W. I. B., .and Lind, P. E., 

J. Exp. EioL and Med. Set., 1946, 24, 127 . 
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action, which usually was negative in the 
original suspensions, became distinctly posi- 
tive in the resuspended sediments. This 
finding may be e.xplained by the assumption 
that the hemagglutinins have been separated 
by the centrifugation procedure from an in- 
hibitor present in the original suspension.! 
Recentrifugation of the 20,000 r.p.m.-super- 
nate at 30,000 r.p.m. for one hour removed 
a large part of the “soluble” antigen, but 
some of it still remained in suspension. .An 
e.x'periment of this type, employing infected 
allantoic fluids and the correspranding mem- 
branes as the source of antigen, is shown 
in Table I. .As pointed out, control antigens 
prepared from normal allantoic and amniotic 
sacs gave positive reactions with a few of 
the sera in low dilution. The material show- 
ing this reactivity was in part sedimented 
at 20,000 r.p.m., the supernatant being usual- 
ly inert. It is obvious then that tissue an- 
tigens for diagnostic tests should be sub- 
jected to high speed centrifugation in order 
to avoid some of the nonspecific reactions. 

The centrifugation e.Nperiments showed 
that physical differences existed between the 
antigen present in the embryonic fluids and 
at least part of the antigen present in sus- 
pensions of the membranes. In further ex- 
periments comparisons were made between 
preparations of infected allantoic fluid on the 
one hand, and the supernatant fluid after 
centrifugation at 20,000 r.p.m. of suspended 
allantoic membrane on the other; the former 
representing mostly large antigen particles 
which are sedimentable with the virus ac- 
tivity, the latter containing a smaller antigen 
not directly linked with the infective prop- 
erty. These comparisons showed on occa- 
sion differences in the optimal titration pat- 
terns of the 2 antigens but not as fre- 
quently and as markedly as was noted in the 
case of the corresponding influenza anti- 
gens.^-'^ More convincing evidence of serolog- 
ical differentiation was obtained by absorp- 
tion of convalescent sera with the 2 ti-pes of 

} Simitar results were obtained upon dialysis of 
suspensions of infected membranes. 

T Henle, XV., and Wiener, Jf., Pnoc. Sot;. K.xf. 
Biol, .vs'd Med., lOii, 5", 17C. 
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TABLE III. 

Antibody Cwiteiit of Tarious Selected Human Sera. 


Serum antibody titer against 


L'use 

:So. 

Age 

(years) 

Hist ory 

Time after 
onset of 
disease 

1 

I’/i 

mumps 

3 (lavs 
15 ’’ 

on >> 

46 " 

2 

5% 

f i 

7 ” 

3 

■1 

3 3 

7 ” 

17 " 

4 

6%> 

3 y 

4 ” - 

14 ” 

6 

4 

3 y 

4 ” 

16 " 

36 

0 

3 3 

2 months 

35 

7 

" y 3 

3 ” 

31 

8 

y 3 

2 Via vs 

28 

2 

y } 

o ^ t y 

11 

4 

yy 

•■> y? 

25 

10 

i y 

2 

13 

11 

)) 

2 ’’ 

44 

9 

uuknowii 



4S 

6 

) > 



42 

9 

yy 



19 

8 

iuappai'cnt mumps 

16 dayst 

16 

6 ; 

M > J 

3.0 ” f 


Soluble antigen 

Virus-bound (Superiiate 20,000 Jform.il 
antigen B.P.M. of allantoic allantoic 
(alliintoic fluid) membrane) membrane 


1:4 

1:16 

1:2 

1:64 

1:64 

1:2 

1:128 

1:128 

1:2 

1:128 

1:84 

1:2 

1:16 

1:16 

0 

1:16 

1:32 

0 

1:64 

1:64 

(> 

1:16 

1:8 

0 

1:64 

1:32 

0 

1:4 

1:8 

<1:4* 

1:32 

1:64 

<1:4 

1:64 

1:8 

0 

1:32 

1:8 

0 

1:S 

0 

0 

1:S 

0 

0 

1:4 

0 

, 0 

1:8 

0 

0 

1:4 

0 

0 

1:16 

0 

(> 

1:8 

0 

0 

1:8 

0 

0 

1:128 

1:32 

0 

1:16 

1:4 

0 


* Partial fixation of complement in serum dilution 1:4. 

t Ifegatire serum obtained 16 and 39 days, respectively, prior to tlie recorded sjiechnen. 


antigen. Hum^^ convalescent serum was 
absorbed with the sediments obtained by cen- 
trifugation at 20,000 r.'p.m. from infected al- 
lantoic fluid or suspension of allantoic mem- 
brane, or with the material sedimented at 
30,000 r.p.m. from the suspension of mem- 
brane after removal of the larger particles 
at 20,000 r.p.m. The JD.-o for chick em- 
bryos as well as the units of antigen used 
for the absorption per 1 ml of serum were 
determined and are recorded in Table II. 
When mumps convalescent serum was ab- 
sorbed with the antigen sedimented at 20,000 
r.p.m. from allantoic fluid (virus particles) 
it no longer reacted with this antigen nor 
with the original allantoic fluid. It gave, 
however, distinctly positive reactions m'th 
suspensions of infected membrane and the 
fractions derived therefrom, although a de- 
crease in serum titer was not^d. On the 
other hand, absorption of the serum with the 
smaller antigen sedimented^ at 30,000 r.p.m. 
from suspensions of allantoic membrane pre- 
viously cleared by centrifugation at 20,000 


r.p.m. removed 'he reactivity with the “solu- 
ble antigen'' 'b' ‘ left antibodies to the al- 
lantoic fluid antigen and the sediment de- 
rived therefrom. Absorption of the serum 
with the particles sedimented from the mem- 
brane suspension at 20,000 r.p.m. gave re- 
sults corresponding to the effect of absorp- 
tion with the soluble antigen rather than 
with the virus particles obtained from al- 
lantoic fluid. The reasons for this latter 
finding are not clear as yet. The infectivity 
titrations of the suspensions of membrane 
used for the absorption showed only 0.1% of 
the activity of the allantoic fluid material. 
Consequently, there might not have been a 
sufficient concentration of virus to remove 
the antibodies to the virus-bound antigen. 
On the other hand, antibodies against the 
soluble antigen were completely removed by 
the particles sedimented from the membranes 
at 20,000 r.p.m. It is possible then that the 
“soluble antigen” occurs in different physical 
states, f.c., in different particle sizes either 
per se, or as a result of adsorption onto par- 
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ticulate components of the host cell. One 
also might consider the possibility that the 
virus may occur in a different phase in the 
tissues, i.C; covered with the soluble antigen, 
as compared to the “naked" virus in the al- 
lantoic fluid. This problem requires further 
investigation. Control absorptions of the 
convalescent serum with fractions sedimenta- 
ble at 20,000 and at 30,000 r.p.m. from nor- 
mal allantoic membranes or from tissues in- 
fected with the Lee strain of influenza B 
virus did not affect the reactivity of the serum 
with either the mumps virus as contained in 
the allantoic fluid or the mumps soluble 
antigen present in the suspension of mem- 
brane. 

Further evidence of the serological differ- 
entiation between the 2 antigens was obtained 
in the study of the reactivities of various 
human sera tvith these preparations. Marked 
titers in antibodies against both antigens were 
found in sera of children convalescent from 
mumps and those having undergone a recent 
inapparent infection. Some sera from indi- 
viduals with a history of long past infection 
or from subjects with unknown exposure 
showed antibodies only against the virus- 
bound antigen but .not against the soluble 
material. Some of these cases are listed in 
Table III. This finding emphasizes again 
•the difference between the 2 antigens; the 
one dominantly present in the embryonic 
fluids, the other in the suspensions of in- 
fected tissues. These results suggest, in ad- 
dition, that the antibodies against the virus- 
bound antigen persist for a longer period of 
time following the infection than antibodies 
against the soluble substance. This, how- 
ever, can be verified only b 3 ^ following the 
concentration of the 2 antibodies in individ- 
ual patients over a prolonged period of time. 
In a few cases it was noted, too, that the 
antibodies to the soluble material max'^ be- 


come measurable and reach higher concen- 
trations earlier than the antibodies to the 
virus-bound antigen. 

The demonstration of 2 distinct comple- 
ment-fi.xing antibodies, and particularly the 
fact that one of them, the antibody against 
the soluble substance, may be absent from 
certain sera tends to e-xplain discrepancies 
in the correlation of the results of comple- 
ment-fixation tests with the susceptibility of 
an individual. If only tissue e.xtracts are 
employed as antigen which contain mainly 
the soluble material a negative test may be 
recorded in a subject with a histor\- of mumps 
at some time in the past. The use of the 
virus-bound antigen maj^ properly classify 
such individuals. This latter antigen will 
also demonstrate past contact with the virus 
even though the historj”^ ma\' not reveal past 
apparent infection. 

The relation of the antibodies against the 
virus-bound antigen to the neutralizing and 
hemagglutination-inhibiting antibodies is un- 
der investigation at present. A comparison 
of the results of complement-fixation tests 
with these 2 antigens and skin tests is in- 
dicated. 

Summary. Study of the complement-fix- 
ation antigens obtained from chick embryos 
infected with mumps virus revealed 2 anti- 
genically distinct components separable by 
high speed centrifugation. One antigen is 
closely linked with the virus and found pre- 
dominantly in the allantoic and amniotic flu- 
ids; the other component is smaller and pres- 
ent mainly in the allantoic and amniotic 
membranes. The 2 antigens can be differ- 
entiated by serum absorption technic. Some 
human sera contain antibodies to the 2 an- 
tigens (early convalescent sera) whereas oth- 
ers may show antibodies only to the virus- 
bound antigen but not to the soluble ma- 
terial (long past infection). 
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Case 


1 


3 

4 


6 

30 
35 

31 
28 
11 
25 
13 
44 
43 
42 
19 
16 


TABLE III. 

Aiitihodv C^mfeiit of A^^lrious Selcetcd Huiuan Sera. 


Age 

(years) 

History 

Time after 
onset of 
disease 

4.1/, 

mumps 

.3 d.avs 

15 

Oft 3) 

46 ” 

514 

) 3 

7 ’> 

4 

3 3 

7 

17 •' 

61% 

it 

4 ” 

U ’> 

4 

Jt 

4 ” 

16 >> 

9 

; 3 

2 mouths 

7 

♦ 3 3 

3 " 

8 

3 3 

2 years 

o 

3 3 

2 * " 

4 

>> 

2 ’ ’ 

10 

} ) 

2 * 1 

11 

it 

2 1'- 

9 

UilkuoAs’u 



0 

3 3 

■ ■ 

9 

>) 



S 

iiiappnrent mumps 

16 daysf 

6 3 

33 33 

39 " t 


Serum antibody titer against 


^ 

Virus-bound 

antigen 

(allantoie fluid) 

Soluble antigen 
(Supcniate 20,000 
R.P.M. of allantoie 
incinbrane) 

A'oruia! 

allantoie 

nicinbr.iiie 

1:4 

1:16 

1:2 

1:64 

1:64 

1:2 

1:128 

1:128 

1:2 

1:128 

1:64 

1:2 

1:16 

1:16 

0 

1:16 

1:32 

0 

1:64 

1:64 

0 

1.-16 

1:8 

0 

1:64 

1:32 

0 

1:4 

1:8 

<1:4- 

1:32 

1:04 

<1:4 

1:64 

1:8 

0 

1:32 

1:8 

0 

1:8 

0 

0 

1:8 

0 

0 

1:4 

' 0 / 

0 

1:8 

0 

0 

1:4 

0 

0 

1:16 

0 

f 

1:8 

0 

0 

1:8 

0 

0 

1:128 

1:32 

0 

1:16 

1:4 

0 


‘Partial /i.\-ation of coiDplenient in serum dilution 1:4. 

f Negative serum obtained 16 and 39 days, respectively, prior to the recorded specimen. 


antigen. convalescent serum was 

absorbed with the sediments obtained by cen- 
trifugation at 20,000 r.p.fn. from infected al- 
lantoic fluid or suspension of allantoic mem- 
brane, or with the material sedimented at 
30,000 r.p.m. from the suspension of mem- 
brane after removal of the larger particles 
at 20,000 r.p.m. The IDjo for chick em- 
bryos as well as the units of antigen used 
for the absorption per 1 ml of serum were 
determined and are recorded in Table II. 
When mumps convalescent serum was ab- 
sorbed with the antigen sedimented at 20,000 
r.p.m. from allantoic fluid (virus particles) 
it no longer reacted with this antigen nor 
with the original allantoic fluid. It gave, 
however, distinctly positive reactions ivith 
suspensions of infected membrane and the 
fractions derived therefrom, although a de- 
crease in serum titer was not^d. On the 
other hand, absorption of the serum with the 
smaller antigen sedimented at 30,000 r.p.m. 
from suspensions of allantoic membrane pre- 
viously cleared by centrifugation at 20,000 


r.p.m. removed 'he reactivity with the "solu- 
ble antigen” b' ‘ left antibodies to the al- 
lantoic fluid antigen and the sediment de- 
rived therelrom. .Absorption of the serum 
with the particles sedimented from the mejn- 
brane suspension at 20,000 r.p.m. gave re- 
sults corresponding to the effect of absorp- 
tion with the soluble antigen rather than 
with the virus particles obtained from al- 
lantoic fluid. The reasons for this latter 
finding are not clear as yet. The infectivit.v 
titrations of the suspensions of membrane 
used for the absorption showed only 0.1% of 
the activity of the allantoic fluid material. 
Consequently, there might not have been a 
sufficient concentration of virus to remove 
the antibodies to the virus-bound antigen. 
On the other hand, antibodies against the 
soluble antigen were completely removed by 
the particles sedimented from the membranes 
at 20,000 r.p.m. It is possible then that tJie 
‘‘soluble antigen” occurs in different physical 
states. f.c., in different particle sizes either 
per sc, or as a result of adsorption onto par- 
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ticulate components of the host cell. One 
also might consider the possibility- that the 
virus may occur in a different phase in the 
tissues, i.C; covered with the soluble antigen, 
as compared to the -‘naked" virus in the al- 
lantoic fluid. This problem requires further 
investigation. Control absorptions of the 
convalescent serum with fractions sedimenta- 
ble at 20,000 and at 30,000 r.p.m. from nor- 
mal allantoic membranes or from tissues in- 
fected with the Lee strain of influenza B 
virus did not affect the reactivity of the serum 
with either the mumps virus as contained in 
the allantoic fluid or the mumps soluble 
antigen present in the suspension of mem- 
brane. 

Further evidence of the serological differ- 
entiation between the 2 antigens was obtained 
in the study of the reactivities of various 
human sera with these preparations. iMarked 
titers in antibodies against both antigens were 
found in sera of children convalescent from 
mumps and those having undergone a recent 
inapparent infection. Some sera from indi- 
viduals with a history of long past infection 
or from subjects with unknown e.xposure 
showed antibodies only against the virus- 
bound antigen but .not against the soluble 
material. Some of these cases are listed in 
Table III. This finding emphasizes again 
the difference between the 2 antigens; the 
one dominantly present in the embryonic 
fluids, the other in the suspensions of in- 
fected tissues. These results suggest, in ad- 
dition, that the antibodies against the virus- 
bound antigen persist for a longer period of 
time following the infection than antibodies 
against the soluble substance. This, how- 
ever, can be verified only by following the 
concentration of the 2 antibodies in individ- 
ual patients over a prolonged period of time. 
In a few cases it was noted, too, that the 
antibodies to the soluble material may be- 


come measurable and reach higher concen- 
trations earlier than the antibodies to the 
virus-bound antigen. 

The demonstration of 2 distinct comple- 
ment-fi.xing antibodies, and particularly the 
fact that one of them, the antibody against 
the soluble substance, may be absent from 
certain sera tends to e.xplain discrepancies 
in the correlation of the results of comple- 
ment-fi.\ation tests with the susceptibility of 
an individual. If only tissue e.xtracts are 
employed as antigen which contain mainly 
the soluble material a negative test may be 
recorded in a subject with a history of mumps 
at some time in the past. The use of the 
virus-bound antigen may properly classify 
such individuals. This latter antigen will 
also demonstrate past contact with the virus 
even though the history may not reveal past 
apparent infection. 

The relation of the antibodies against the 
virus-bound antigen to the neutralizing and 
hemagglutination-inhibiting antibodies is un- 
der investigation at present. A comparison 
of the results of complement-fi.xation tests 
with these 2 antigens and skin tests is in- 
dicated. 

Summary. Study of the complement-fix- 
ation antigens obtained from chick embryos 
infected with mumps virus revealed 2 anti- 
genically distinct components separable by 
high speed centrifugation. One antigen is 
closely linked with the virus and found pre- 
dominantly in the allantoic and amniotic flu- 
ids; the other component is smaller and pres- 
ent mainly in the allantoic and amniotic 
membranes. The 2 antigens can be differ- 
entiated by serum absorption technic. Some 
human sera contain antibodies to the 2 an- 
tigens (early convalescent sera) whereas oth- 
ers may show antibodies only to the virus- 
bound antigen but not to the soluble ma- 
terial (long past infection). 
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Aiitibtidv ttiiiteiit of Various Seicctcil Humau Sera. 






Serum antibody titer against 






Soluble antigen 





Time after 

Virus-bound 

(Superiiate 20,000 

Norui.r! 

Case 

Age 


onset of 

antigen 

E.P.IX. ofaJJaiitoic 

allantoic 

Xo. 

(years) 

Hist Dry 

iliseasc 

(allantoic fluid) 

membrane) 

nieinbr.iae 

1 

4Jyi 

mumps 

3 (lavs 

1:4 

1:16 

1:2 




15 

1:64 

1:64 

1:2 




29 ^ ^ 

1:128 

1:128 

1:2 




46 '' 

1:128 

1:64 

1:2 

O 

SVr 

} } 

7 ” 

1:16 

1:16 

0 

3 

4 

} f 

7 ” 

1:16 

1:32 

0 




17 " 

1:64 

1:64 

0 

4 

6% 

} I 

4 ” 

1:10 

1:8 

0 



14 ” 

3:64 

1:32 

0 

6 

4 

}} 

4 ” 

1:4 

1:8 

<1:4" 




16 ” 

1:32 

1:64 

<1:4 

36 

9 

) } 

2 months 

1:04 

1:8 

0 

3.6 

7 


3 ” 

1:32 

1:8 

0 

31 

8 

) j 

2 \ears 

1:8 

0 

0 

28 

O 

;> 

o y i 

1:8 

0 

0 

11 

4 

n 

2 

1:4 

0 , 

0 

2.1 

10 

jy 

2 

1:8 

0 

0 

33 

11 

n 

2 

1:4 

0 

0 

44 

9 

uuknown 

— 

1:16 

0 

c> 

43 

6 

}> 

— 

1:8 

0 

0 

42 

39 

9 

8 

) ) 

inapparent mumps 

10 daysf 

1:8 

1:128 

0 

1:32 

0 

0 

16 

6 

}} yy 

39 ” t 

1:16 


u 


*■ rartial nxacion or corupiomcur lu serum unuwuu _ 

i UTegative serum obtained 16 and 39 days, respectively, prior to tlio recordca specimen. 


antigen. Humajjrj convalescent serum was 
absorbed with the sediments obtained by cen- 
trifugation at 20,000 r.p.m. from infected al- 
lantoic fluid or suspension of allantoic mem- 
brane, or with the material sedimented at 
30,000 r.p.m. from the suspension of mem- 
brane after removal of the larger particles 
at 20,000 r.p.m. The ID,-,o for chick em- 
bryos as well as the units of antigen used 
for the absorption per 1 ml of serum were 
determined and are recorded in Table II. 
When mumps convalescent serum was ab- 
sorbed with the antigen sedimented at 20.000 
r.p.m. from allantoic fluid (virus particles) 
it no longer reacted with this antigen nor 
with the original allantoic fluid. It gave, 
however distinctly positive reactions with 
suspensions of infected membrane and the 
fractions derived therefrom, although a de- 
crease in serum tiler was noted. (In the 
other hand, absorption of the serum with the 
Ser anligen sedimented^ at 30,000 r.p.m. 

cumensions of allantoic membrane pre- 
viously cleared by centrifugation at 20,000 


r.p.m. removed 'he reactivity with the "solu- 
ble antigen" ‘ left antibodies to the al- 
lantoic fluid antigen and the sediment de- 
rived therefrom. Absorption of the serum 
with the particles sedimented from the mem- 
brane suspension at 20,000 r.p.m. gave re- 
sults corresponding to the effect of absorp- 
tion with the soluble antigen rather than 
with the virus particles obtained from al- 
lantoic fluid. The reasons for this latter 
finding are not clear as yet. The infectivity 
titrations of the suspensions of membrane 
used for the absorption showed only 0.1% of 
the activity of the allantoic fluid material. 
Consequently, there might not have been a 
sufficient concentration of virus to remove 
the antibodies to the virus-bound antigen. 
On the other hand, antibodies against the 
soluble antigen were completely removed by 
the particles sedimented from the membranes 
at 20,000 r.p.m. It is possible then that the 
“soluble antigen” occurs in different physical 
states i.e., in different particle sizes either 
per se, or as a result of adsorption onto par- 
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Pig. 1. 

Shoiving tlio distributiou of radiopliospliate in XitcUa and Chara. (See text.) 


exchange of P* into such crystals, although 
the zones of concentration do not correspond 
with the visible areas of incrustation. (See 
transmitted light photo). 

In photos “E” and “B” are shown radio- 
autographs taken after 60 and 90 minutes 
of immersion of cells to a depth of 2 mm. 
Both show concentration of P* in the node, 
and some slight localization of P* along the 
axis. Both cells are Nitella. Photo “D” 
is a radio-autograph of 2 Nitella cells to- 
gether with transmitted light photographs 
taken after 660 min. immersion in P* solu- 
tion to a depth of 2 mm as measured along 
the cell axis from the arrow. Here the P* 
has been distributed throughout the cell, but 
in discrete patches. One possible interpreta- 
tion of such distribution is that in the course 
of vacuum drying of the cells, the proto- 
plasm aggregated in clumps. This does not 


seem likely inasmuch as the transmitted light 
photos show that the chloroplasts must be 
rather evenly distributed throughout the cell 
as it is rather uniformly opaque. ^licroscopic 
observation confirms such a view. There is 
also the possibility that in the drying of the 
cell P* which has diffused throughout either 
or both cell wall and protoplasm crystallizes 
in quite large crystals. The distribution of 
P* in these photos, however, seems too sparse 
to render such a view likely. It would seem 
that P* in these algal cells is found in areas 
where there was already a high concentration 
of inactive PO^ for exchange, and that the 
pictures obtained in this studj”^ represent the 
way P* is distributed as it diffuses along 
the cell. 

My tlianks are due to Professor .S. C. Brooks 
for the use of liis laboratory and for many belpful 
suggestions. 
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The Localization of Radiophosphate in Cells. 

Lorin J. Molliks.* 

From the Vepariment of Zoology, 


The exact mode in. which ions are distrib- 
uted in protoplasm is at present unknonm. 
Using radioactive isotopes, several authors 
have attempted, by placing photographic film 
in close contact with tissues and thus ob- 
taining a radio-autograph, to record where 
added ions are localized in the cell. Un- 
fortunately this procedure has not yielded 
any great amount of information on cellular 
localization, although excellent differentiation 
of different tissue masses has been obtained.^ 
The difficulty in obtaining clear radio-auto- 
graphs of cells is that the cell diameters are 
of the same order of magnitude as the dis- 
tance that p-tays, not normal to the film, 
travel before striking the film. The net re- 
sult is a general fog which obscures the 
desired detail. To obtain pictures with more 
detail it is necessary therefore either to col- 
limate or to focus the electrons coming from 
the tissue to the film, or else to use cells 
of much larger dimensions. In this study the 
second alternative has been employed in that 
cells of Nitella or Chara sp., which have di- 
ameters of the order of 1-2 mm and lengths 
of about 40 mm, were used. 

Experimental. Cells of Chara or Xitella 
were prepared for use as previously described." 
The cells were removed from pond water, 
blotted to remove excess water and placed 
on end in a tube containing 0.001 M radio- 
active sodium phosphate solution at I5°C 
and pH 7. In some experiments only enough 
phosphate solution was used to cover 1-2 mm 
of the cell as measured along its axis. The 
tube was then filled with washed paraffin 

* Fellow of tlie Americ.'in-Sc.mdinavi.'ui Founda- 
tion at tlie University Institute for Theoretical 
Physics, Copenhagen. 

1 Eklundh-Ehicnhcvg, C., Euler, II. v., and 
Heveay, G., Arfciu f. Kemi., lO-lii, 23A, 10. 

2 Brooks, S. C., Trans. Faraday Soc., 1937 33, 
1002; PRQC. Soc. E.xp. Biol, .c.vd IIed., 193S, 38, 

856 . 


University of California, Berkeley. 

oil. By this arrangement it was possible to 
expose only a minimal part of the surface 
of the cell to phosphate solution and hence 
obtain some idea of the rapidity of diffusion 
and possible circulation of the phosphate due 
to cyclosis. To be sure there must be a 
thin film of water extending up from the 
PO4 solution along the cell surface but this 
method probably lets ion diffusion proceed 
as asymmetrically as possible, .'\fter various 
times of immersion the cells were removed 
from the tubes, washed thoroughly in run- 
ning distilled water, placed on a glass slide 
and rapidly frozen and dried m vacuo. 
piece of X-ray film was then placed over the 
dried cell and e.xposed for a suitable time. 

Results. Some photographs resulting from 
these experiments are shown in Fig, 1. In 
photo “A” the cell (Nitella) was immersed 
in radioactive phosphate solution (P*) from 
its end marked by an arrow (i) for a dis- 
tance of 25 m:n along its axis for a period 
of 25 minutes. .-Vs is to be expected, the P* 
concentration is highest in this region, but 
it can also be seen that the P* concentra- 
tion at the node of the cell is quite high. This 
may be due to the greater mass of proto- 
plasm here or to the more rapid metabolic 
turnover in this region, or to a combination 
of both. In photo “C” a cell which was 
immersed in P* solution for 25 min. to a 
depth of only 2 mm is shown. Directly be- 
low the radio-autograph (black background) 
is shown a photo of the cell taken by trans- 
mitted light. (The cell was fractured in 
placing photographic film upon it). It can 
be seen from this photo that although there 
is a slight amount of activity in the nodal 
region, the P* is mainly concentrated in 
rather discrete zones along the cell. This 
cell was Chara. The Chara cell generally has 
a rather heavy incrustation of salt deposits 
on its wall. It is possible that these local- 
ized zones of P* concentration represent the 
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Fig. 1. — Tfstis of :i {:uin .-;i pig iooiulated loyally with Jlr. niflih Parasitized iiiacro- 

pluiges. Xo extraeollul.ir lirucellie are detected. Foruialinized Gieiiis:!. X HhlU. 

Fig. 2 — Fibroblasts parasitized with Br. abortns. Guinea pig testis, .‘^anie stain. X 9011. 

Fig. 3. — Testis of guinea pig. Interstitial cell heavily parasitized with Br. uhortu.s. Xyka's 
'tain. X lOOiP. 

Fig. -L — Same testis. Endothelial cells of a caiiillary stuffed with Br. ohorlii.'. Fonnalinizcd 
Giemsa. X 1000. 

Fig. 5. — Lung of a mouse inoculated intranasally with Br. mclitou-in. .\lveolar cell luicked 
with brucella-. Xyka ’s staiiu X 1600. 


Strain, .\fter being inoculated, the animals follow the infecting organism through the 
were killed at various intervals in order to various stages of the process. Smears and 
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Studies on the Pathogenesis of Bruceliosis.’* 


M. Ruiz-Castaneda. • 

From the Fcpnrtment of Mctliml licsciitch,.Gtneml Uasnilal, Mexico T> F 


The mechanism by which Brucella pro- 
duces infection and continues to grow in 
the tissues of immune individuals has been 
suspected but not clearly demonstrated. One 
of the most interesting features of the dis- 
ease in man is the prolonged sequence of 
periods of illness and apparent recovery for 
which it has been given the name of undulant 
fever. The finding of Brucella for months 
and even years after the beginning of the 
infection places this disease in a class with 
tuberculosis and syphilis, in which the infect- 
ing organism continues to multiply in spite 
of the considerable degree of immunity dis- 
played by the host. However, brucellae are 
not quite resistant to cellular and humoral 
defences as is the case in tuberculosis. There- 
fore, its ability to remain active within the 
organs and eventually to be found in the 
blood stream must depend on factors peculiar 
to the microorganism. 

One of the most interesting observations on 
the relationship- of Brucella to the infected 
tissues was made early in the history of 
the disease, when Theobald Smith demon- 
strated that a considerable number of Brucel- 
la abortus crowded the cytoplasm of the cells 
of the chorium in the placenta of aborting 
animals. This finding did not seem to have 
been fully appreciated as a possible guide in 
the e.x-planation of the remarkable persistence 
of Brucella in the organism in spite of the 
coe.xistence of high degree of immunity. 

Corroborating Smith's findings, Goodpas- 
ture and co-workers^ in a study of bacterial 

* Bead at tUu First Inter.americaii Brucellosis 
greeting, 3rc.\ico, P.F., October 28, 1940. 

Tlic e.\-pcnses of tliis study were in part defrayed 
by a grant from Eli Billy aiul Co.. luiliaii.-ipolis, 

ludiaiia. 

1 Goodpasture, E. W., and .Vndersou, K., .Im. J. 


infection in the developing chick embryo 
found that Brucella multiplied within the 
cytoplasm of certain cells more intensely 
than could be observed in extracellular po- 
sitions. More recently Buddingh and Wo- 
mack- following the method of Goodpasture 
found that Br. abortus and siiis had a tend- 
ency to select cells of mesodermal origin 
while the meiitensis variety was only found 
in ectodermal cells. The 3 brucellae could 
be found in considerable numbers within 
macrophages not merely phagocytized but 
actually multiplying within the cytoplasm of 
such cells. These authors advanced the idea 
that the monocytes acting as a natural means 
of defense against the infecting agent sup- 
plied a favorable refuge where multiplication 
took place and therefore, constituted the 
source of continual infection from cell to cell. 
The intracellular position of Brucella in tis- 
sues of infected persons rvas first reported 
by Meyer^ in a case of acute infection with 
Br. suis. The brucellae were easily seen with- 
in parenchyma cells of the kidney. After 
ileyer’s report we decided to investigate in- 
tracellular brucellae in fatal cases of human 
brucellosis. It was discouraging to find so 
few visible organisms while cultures from 
the organs showed considerable numbers of 
colonies. Therefore, it was considered of 
interest to become familiar with the micro- 
scopic aspect of the disease in e.xperimental 
animals. The following is a presentation of 
some findings after inoculation of guinea 
pigs, rabbits and mice with the 3 varieties 
of Brucella. Guinea pigs and rabbits were 
inoculated intravenously and also directly into 
the testicle. Mice were inoculated by intra- 
venous and intranasal routes. The strains used 
as inoculum were Br. abortus and suls sent to 
us by Dr. Huddleson and a recently isolated 


Potliolo.oil, 1937, 13, 149. 

2 Bud<lingb, G. J., and Womack, F. 
llfdiViiie, 1941, 7-t, 213. 


C., J. 


K. Kbmijjb in Ifiolojj)/, Vniwt^ity 
of CViJiforiiia I'fws, 10-13, pi>. 139-130, 
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Fig. 1. — Tostis of ;i pig inoi-ul.-iteil Icu.ilh- with Kr. mctiti ii.si.--. Piir.isitized macro- 

pliagos. No cxtraii-llular liruiilla; are dctei-ted. FoVuialinized Giemsa. X Kmmi. 

Fig. 2 — Fibroblasts parasitized with Br. nhortun. Guinea pig tcatis. i^aiiie stain. X 900. 

Fig. 3. — Testis of guinea pig. Interstitial cell heaviiv parasitized with J3r. ahorlii.i. Nyka's 
■-tain. X loon. 

Fig. 4. — Same testis. Eudotlielial cells of a capillary stuffed with Ur. ahurtiis. Foruialinized 
(iieinsa. X 1000. 

Fig. 5.— Lung of a mouse inoculated intranasally with Ur. tiieliteiifis. .Alveolar cell packed 
with brucella?. Nyka*s stain. X 1000. 

Strain, .■\fter being inoculated, the animals follow the infecting organism through the 
were killed at various interv-als in order to various stages of the process. Smears and 



300 


Studies on the Pathogenesis of Brucellosis 


prints made from the organs were stained 
with our methylene-blue-safranin stain for 
rickettsiae. The sections were stained with 
formalinized Giemsa or by Nyka’s stain.”* 
The latter producing delicately stained cellu- 
lar elements in which violet stained brucellae 
could be easily found. 

It is unnecessary to include here the ob- 
servations concerning the cytological response 
to the infecting organism which will be re- 
ported by one of our associates. 

The search of brucellae in smears or prints 
from animals inoculated intracardially showed 
relatively few extracellular organisms in the 
spleen and liver, and even less in other 
organs. Often one could detect polymor- 
phonuclear leucocytes containing few phago- 
cytized organisms and also macrophages con- 
taining brucellae in the cytoplasm. The 
optimum time for the finding of parasitized 
macrophages was about the 5th day after 
inoculation. Some of the mononuclear cells 
contained rather large numbers of brucellae 
but the microscopic aspect of the parasitized 
cells was far from being suggestive of intra- 
cellular multiplication as reported by Bud- 
dingh and Womack. On the other hand, the 
observation of smears from the testicle of 
animals inoculated locally showed cells with 
the cytoplasm crowded with brucellae. In 
smears from the locally infected testicle there 
were found a considerable number of poly- 
morphonuclear leucocytes phagocytizing bru- 
cellae and also many macrophages stuffed 
with organisms. Although in sections of the 
liver and spleen it was not difficult to find 
infected cells, the testicle afforded better 
material for the study. Fig. 1 shows cells 
from the testicle of a guinea pig infected with 
Br. melitensis which leave little doubt of the 
intracellular growth in cells which are likely 
to be macrophages. Fig. 2 shows the growth 
of Br. abortus in the cytoplasm of a fibro- 
blast and in Fig. 3 there is no doubt about 
the multiplication of Br. abortus within a 
cell, probably an interstitial cell, if compared 
with neighboring cells of similar morphology. 

In Fig. 4 it seems that cells fro m a capillary 

7vvkii/\V., /. Pathotogy amt BactrrMogy , 1045 , 
57 , 317 . 


wall have been parasitized by Br. abortus. 
Most of these preparations were made from 
animals killed from the 3rd to the 5th day, 
and it has been our impression that the 
parasites within the cells have increased not 
because of phagocytosis but by the actual 
development of Brucella colonies after some 
of the organisms gained entrance into the 
cytoplasm. It is interesting to find so few 
or even no extracellular organisms close to 
the parasitized cells. However, in certain 
portions of the testicle one could see large 
numbers of extracellular organisms and it 
was usually in zones in which considerable 
numbers of polymorphonuclear leucocytes 
were present. 

We have not yet sufficient information 
concerning the type of cells which allow 
brucellae to develop in the cytoplasm, nor 
the possible selectivity of the 3 varieties of 
organisms for a special group of cells. We 
can only indicate that we found macrophages, 
fibroblasts and, particularly in the spleen, 
endothelial and reticular cells which coiw 
tained brucellae in the cytoplasm. To this 
we may add parenchymatous cells from the 
kidney and interstitial cells of the testis. 

The inoculation of mice by intravenous 
or intranasal route has afforded a practical 
method for the study of the relationship of 
brucellae to the cells of the infected animal. 
Even 48 hours after the inoculation it has 
been possible to find parasitized cells in vari- 
ous organs. In the lung the alveolar cells 
are found to be parasitized in a similar man- 
ner to that which has been observed in 
typhus. Fig. 5 shows the aspect of an in- 
fected alveolar cell which does not look un- 
like similar cells parasitized with typhus 
rickettsiae. We have also seen macrophages 
stuffed with brucellae and polymorphonuclear 
leucocytes containing phagocytized organ- 
isms, usually in small numbers. It is inter- 
esting to find that, contrary to what has 
been observed in typhus-infected animals the 
bronchial epithelium seems to have no tend- 
ency to favor multiplication of brucellae. 

Comment. There seems no doubt that 
most workers experienced in the clinical as- 
pect of brucellosis consider that .some of the 
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symptoms shown by the patients are due to 
a state of hypersensitivity to brucellar an- 
tigens. Since 1938 we have advocated this 
view based on the observation of typical 
manifestations of allergy and the ' favorable 
effect of desensitization of the patients. To 
illustrate our discussion we shall give a brief 
description of the general aspect of the 
caprine type of brucellosis. The disease 
most frequently begins like tjphoid or typhus 
infection or less frequently as a mild febrile 
influenza-like infection. The first attack, 
of variable duration, represents the cyclical 
phase of the infection ending when the in- 
dividual has developed sufficient immunity 
to prevent further injury by the infecting 
agent. Then, a state of convalescence closes 
the incident. But in a great number of cases 
Brucella continues to grow as indicated. The 
cell to cell infection as suggested by Bud- 
dingh and Womack insures the preservation 
of the organism in spite of the state of im- 
munity of the patient. The constant dis- 
charge of brucellar products into the system 
increases this state of immunity and at a 
certain moment the reactivity of the tissues 
and the general reactions acquire sufficient 
intensity to produce considerable discomfort 
and fever. This constant irritation may be- 
come very harmful, overcome the body de- 
fenses and even allow considerable multi- 
plication of brucellae either focally or again 
as a general infection. .An important factor 
in the failure to destroy Brucella in the im- 
mune individual seems to be the reduction 
in numbers of the polymorphonuclear leu- 
cocytes. 

The demonstration of brucellae within cells 
of various types is a clear indication of the 
mechanism of preservation of the organisms 
in the immune individual but most important, 
for the understanding of the pathogenesis of 
the numerous clinical manifestations of the 
infection, seems to be the facility with which 
Brucella are phagocytized by macrophages 
which may be transported to all parts of the 
body and become the source of new colonies 
since the cytoplasm supplies suitable material 
for the multiplication of the organisms. 

Up to the present time we have studied 
relatively few animals from which only a 


limited number of preparations have been 
suitable for the investigation of intracellular 
brucellae, therefore, we have not been able 
to gather sufficient information concerning 
special affinity of the 3 varieties of the or- 
ganism for certain cells as observed in the 
chick embryo by Buddingh and Womack. 

According to the observations made by 
various authors, in e.xperimental brucellosis 
and in human material, the histological lesions 
are, fundamentally, the nodules described by 
Fabyan. The nodular formation could be 
explained as a reaction around wandering 
macrophages carrying brucellae or local para- 
sitized cells, which are surrounded first by 
monocytes and perhaps polymorphonuclear 
leucocytes and walled off by lymphocytes. 
It is obvious that in brucellosis there is a 
considerable call for the latter cells and that 
the infected individual endeavors to supply 
them. It seems likely that this mechanism 
of focal growth of Brucella followed by the 
process of nodule formation explains many of 
the complications of brucellosis including 
nervous manifestations, abscesses, focal necro- 
sis, etc. The tendency of brucellae to select 
the spleen as a refuge during the course of 
the disease is probably due to exceedingly 
rich material suitable for the intracellular 
growth and the hyp'erplasia observed in this 
organ must be accounted for the manifesta- 
tions of hypersplenism often obseiv'ed in the 
patients. 

Conclusions. The studies referred to, and 
our own observations in e.xperimental brucel- 
losis are in our opinion, good evidence of the 
ability of Brucella to use the cytoplasm of 
a variety of cells as a source of material for 
its growth. The fact that even in the early 
stages of the infection, when the host has 
not developed immunity against brucellae, 
important groups of this organism are found 
only within the cytoplasm of certain cells, 
^ems to indicate that the intracellular growth 
is the most convenient for the presen-ation 
of the infecting agent. When the intracellu- 
lar colony has reached its maximum, the 
cells are destroyed and the brucellae exposed 
to unfavorable conditions, namely to phago- 
cytosis by polymorphonuclear leucocvtes. 
From the scarcity of extracellular organisms 
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one may think that the intracellular fluids 
are not suitable for an active multiplication 
of Brucella, exception is made of zones where 
the tissues have been subject to considerable 
damage. In these zones one may find ex- 
tracellular Brucella in large numbers. One 
would consider that the organism could be 
placed together with true intracellular para- 
sites, but this is not the case since Brucella 


have its own enzyme systems with which it 
is able to use rather ordinary material for 
its metabolism. 

Considering as likely that in man Brucella 
grow in a manner similar to that which has 
been observed in the experimental infection, 
the pathogenesis of the disease seems to us 
better understood. 
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Thromboplastic Action of Plasma Protease (Tryptase)."* 
John H. Ferguson, Burton L. Travis, and Earl B. Gerheixi. 

From the Department of Fhysiotorjy. Vniversity of Xorth Carolina, Chapel Jlill, .\'.C. 


Indirect evidence, based on experimental 
analogy with trypsin, papain, etc. was re- 
viewed^ in support of the theory that blood 
coagulation normally involves natural plas- 
ma protease (tryptase'^ or plasmin- or fi- 
brinolytic enzyme'^) apparently identical with 
the agent responsible for fibrinogenolysis, 
fibrinolysis, and other proteolytic phenomena. 
Plasma tryptase resembles pancreatic trypsin 
in many respects, especially relevant to these 
problems, but does differ in 1. origin,^ 2. 
kinase-specificity,'* and 3. other important 
ways.- The following experiments confirm 
some similarities and lead to direct evidence 
that plasma tryptase can participate as a 

■■■ This roiiort is tiu' sci'Uiid of :i .scries of iiivcsti- 
giitions oil “Knzyines iincl ciizyme-iiiliibitors, in 
relation to blood eoiigulatioii and lieinorrliagic 
diseases,” aided by a grant from the .John and 
Mary It. Markle Foundation. 

The human jilasma fraetious used in this work 
were jirepared from blood eolleeted by the Amer- 
ican Red Cross under a eontraet between the Oftice 
of Seieiitifie Researeh and Development and Har- 
vard University. 

1 Ferguson, .1. II-. Srirnce, 10-111, ID, 310. 

■I Christensen, L. R-, and Maeleod, C. M.. J. Gen. 
Physio!,, 19-15, —8, 559. 

a Kaplan, M. 11., J. Clia. lure.,t., liHd, 2.->, aill; 

337,clsc,i. , • , 101 .V 

•iTagnou, H. .T., -Irch. ini' mat. phy.swi.. 1J4_. 

51, -il-. 


“thromboplastic’' factor in the blood-clotting 
system. 

Reagents. In the first paper' of this se- 
ries. on the activation and inhibition of the 
fibrin (ogen)olytic protease (tryptase) in cer- 
tain plasma fractions, are described: 1. Bor- 
ate buffer, pH = 7.7, viz. 45 vol. 2.5^o 

H. iBCa, 45 vol. 0.5% KaCl, 10 vol. 4% 
XaaBiOr, 12H:.0, used as solvent and diluent 
(to constant volume) throughout; 2. Haiward 
(courtesy Drs. E. J. Cohn, J. T. Edsall, and 
colleagues) human plasma Fraction-I (H.F.), 
which contains about 60% fibrinogen, a 
trace of active protease (tryptase) and con- 
siderable enzyme-precursor (tryptogen) that 
can be activated by a suitable kinase (Table 

I. A): 3. Armour’s (courtesy Dr. J. B. Lesh) 
enzyme- free"' bovine plasma Fraction-I 
(B.F.), of about the same fibrinogen con- 
tent as H.F.; 4. Thrombin (THR.), a 1% 
soln. of lyophilized rabbit “hemostatic glo- 
bulin,” Lederle’s (courtesy Dr. I. .\. Par- 
fentjev); 5. Streptokinase (STREP.), the 
streptococcal material (Garner and Tillett, 
1934) of which a 1% extract is an excellent 
kinase-type activator of the plasma protease; 

6. Crystalline trypsin-inhibitors, protein (or 
polypeptide) in nature, from pancre;is (T.I.) 

•“5 Kcr^iii'^on, if., 'iVavis, H. i.., aiul (UTltciiii, 

E. ll.f I'lioc. Exi». liiOL. AND (U, 
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TABLE I. 


Thromboplastie Action of Plasma Protease (Tryptase) Compared rvitli Paiiercatic Trypsin. 
A. Prciutratioii of Acthoturn. Timinq of Fihrinoiienolysis. Clotting-time test at 24°C. 



Ali.xturi,' (cc) 

Vi min. Vi 


4i 

1 IVi lir (incub. at 39“ 

C for lysis) 



sec*, see. 

sec. 

see. 




A. 

4.0 H.F. 

0.4 STREP. 

<3 lo 

45 

S.5 

4" cc 



B. 

4.0 H.F. 

0.4 TRYP. (20 unit) 

G 21 

51 

90 

+ cc 



C. 

4.0 H.F. 

liciit-dcfibriimtion ; 

lit 

for 3 min. ; filtered tlirougli 

1 glass wool. 


0.4 bulfOr 








B, Prttthiinubin Activation 

Tc.A.f. 

Reealeified PRO.-A. 




CTotting-times (c.t.), in 

seconds, at 24°C. nil 

7T7 

(borate buffer) for 

0.5 ec B. F. + 0.25 

cv 

T, s.iinpled ;it st.'iti'd ineulmtion jicriods 

(i.t.), 






T. .Vetivntor 

Vi mill. 

1 


G IS 24 hr 

4 day 

7 day (i.t.) 



see. see. 

see. 

see. 

see. Si’e. see. 

see. 

sec. 


1. Xone 

2GS 22S 

195 

1G3 

110 72 55 

2S 

13 (c.t.) 


2. Mixture C 

307 247 

207 

172 

9S GS 55 

2S- 

12 


3. ” A 

324 132 

Sli 

()2 

45 3G 28 

20 

12 


4. ” B 

335 5.S 

40 

27 

13 SVi 7 

5 

5 


40-umt TRYP. 

•'» 

o 

5 

G 15 19 

100 

• — 


and soybean (S.B.I.), 0.2%, courtesy Dr. 
M. Kunitz (Rockefeller Institute, Princeton). 
The present studies also use 7. a Harvard 
(courtesy Dr. J. T. Edsall) human plasma 
protein fraction (III-3), 0.1%, possessing 
proteolytic and thrombic properties: 8. Puri- 
fied prothrombin (PRO.), 0.2%, from ly- 
ophile-dried bovine preparations supplied 
through the courtesy of Dr. W. H. Seegers® 
(Wayne Univ., Detroit) ; PRO.-.A being stat- 
ed to yield 15,200 thrombin units per mg 
tyrosine N, while PRO.-B is somewhat less 
purified (see below); 9. Pancreatic trv^isin 
(TRYP.), from 2% stock solution (in gly- 
cerol-borate) prepared from commercial 
(Fairchild Bros, and Foster) trypsin, and 
diluted to 40 or 20 “unit” strength (1 cc s 
1 mg = 100 “units,” by fibrinogenolytic 
test):’ 10. Rabbit brain thromboplastin 
(tpln.), 0.5%, from a commercial (Difco) 
preparation, devoid of significant proteolytic 
activity; 11. Al/10 CaCl 2 (Ca). 

Protbrombiti. Data on the properties, es- 
pecially activation and stability, of Seegers’ 
purified prothrombin preparations will be re- 
ported in detail elsewhere, but it is relevant 

« Seegers, W. H., Loomis, E. C., .ami Y.andenlielt, 
J. M., Arch. Biochem., 1945, 6^ S5. 

I Ferguson, J. H., Proc. .‘Soc. E.yp. Biol. .\xd 
Med., 1943, 52, 243. 


to note: 1. some active thrombin is present 
and increases on standing at room tempera- 
ture in borate buffer solutions (Table II, 6) ; 
2. there is a very slow (increased) activation 
to thrombin on adding calcium salt (Table 
I, B, 1; Table II, 1), which, in comparison 
with the prompt and complete activation 
by Ca -j- tpln. (Table II, 2), shows either 
an ultimate reaching of the same optimum 
in 2-7 days (PRO.-B) or incomplete activa- 
tion even after a week (PRO .-A), although 
still capable of reaching the optimum on the 
subsequent addition of thromboplastin. The 
obvious suggestion is that the prothrombins 
are contaminated with small but significant 
traces of thromboplastic factor (? phospho- 
lipid); 3. activation by l/IO vol. of 40-unit 
trypsin (and Ca) to optimal thrombic activi- 
ty in about )/$ hr., followed by weak throm- 
binolysis (Table I, B, 5). 

Fibriiwgeiwlysis test. When the natural 
tryptase in H.F. (human plasma fraction-I) 
is activated by streptokinase and the fi- 
brinogenol 3 -sis= followed by the lengthening 
clotting-times of 0.5 cc samples added to 
0.5 cc thrombin (THR.), after successive 
incubation periods of the lytic mixture, as 
illustrated in Table I, mi.vture the data 
show close similarity to lysates of H.F. and 
weak pancreatic trypsin (1/10 vol. of 15-20 
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tousle je. . 

Motion of Tr^-ptase-Aetivatioii of PiVtli'iombiii. 


o 

noted 
i-c B.F. 


cc vol of thronibie muxtures (T) containing 2 ce PEO.-B + 0.25 cc Cn and activators ± inhibitors 
1 , incubated at -4 C, pll — for periods stired (i.t.). Clotting-times (sec.): 0.25 cc T -f 0,5 


T. 

Activator 

Iiiliihitor 

% min. 

Vi 

Vi 

1 

0 

6 

241ir 

7 day (i.t.) 

1. 

(Ca only) 

0 

SCO. 

218 

sec. 

167 

sec. 

133 

see. 

87 

sec. 

45 

sec. 

30 

sec. 

13 

see. 

4 (i’.t) 
4 


tpln. (0.25 ce) 

0 

78 

4 

4 

4 

4 

4 

4 

3. 

III-3 (2.0 ”) 

0 

77 

20 

14 

111 

10 

9 

s 


4 . 

III-3 (2.0 ”) 

T.I. (0.75 ce) 

71 

61 

39 

25 

IS 

11 

9 

6 

5. 

III-3 (2.0 ”) 

S.B.I. (0.75 cc) 

75 

92 

100 

lOS 

194 

220- 

loO 

45 

i). 

PRO -f ljuffer (No Ca or 111-3) 

800 

610 

555 

360 

210 

125 

58 

12 

7. 

III-3 -1- Ca (No 

PRO.) 

78 



— 

— 

— 


87 

— 


unit TRYP.), as in mixture B. The lysates 
from these mixtures, as used in the subse- 
quent prothrombin activation studies, obvi- 
ously represent very small amounts of pro- 
teolytic enzyme. 

Tryptic activation oj prothrombin (Table 
I, B). Thrombic mixtures (T) consisting 
of 2 cc PRO. -A, 0.25 cc Ca, and cited ac- 
tivators (to 5 cc vol.) are sampled after 
successive incubation periods (i.t.), the 0.25 
cc samples being added to 0.5 cc fibrinogen 
(B.F.) and the clotting-times (c.t.) noted. 
The shortening c.t. denotes increasing amounts 
of thrombin formation. This method has 
long been used in our laboratories for quan- 
titative and qualitative study of the first 
phase of blood-clotting.® 

The niin. test, in all series, shows the 
trace of thrombin originally present in the 
particular prothrombin solution used. It is 
of very little significance even compared to 
the very slow and incomplete activation by 
Ca-salt alone, as shown in Ti. Series T3 
and T^, on the other hand, show a definite 
“thromboplastic” jacceleration of thrombin 
formation by the lysates containing tryptase 
(.•\) and trypsin (B), respectively. To rule 
out the possibility that H.F. might contain 
some thromboplastic factor other than 
tryptase, mixture C was prepared by simple 
heat (56°C) defibrination. Series T. cor- 
responds closely to the Tj control. 

Other data. STREP, (streptokinase), it- 
self, in repeated tests, is found to be devoi d 

in press. 


of proteolytic, thromboplastic, or thrombic 
effects. Several other protease-containing 
plasma products, some of dog and bovine, as 
well as human, origin, also show the “throm- 
boplastic’’ action noted in Table I, B. One 
Harvard human plasma fraction (111-3) is 
a potent protease but also possesses thrombic 
activity. This complicates the experimental 
analysis but, with appropriate controls, ser\'ei 
to show essentially the same phenomena, as 
illustrated in Table II. Included in these 
data are some typical results of the addition 
of known trypsin-inhibitors (T.I. and S.B.I.) 

Inhibition oj “thromboplastic” action of 
plasma protease II 1-3 (Table II). PRO.-B, 
used in these tests, forms thrombin “spon- 
taneously” (Ty) at a somewhat greater rate 
than the purer product (PRO.-A), and Ca 
(Ti) gives maximal activation in 7 days, the 
4-sec. clotting-time ultimately reached being 
identical with the stable value attained in 
10-15 min. in the additional presence of brain 
thromboplastin (T^). The protease IIT3 is 
markedly “thromboplastic” (T3), as shown 
by comparison with controls Ti and Tr- The 
last shows only a weak initial thrombic action 
of III-3 alone which, if anj'thing, is lessened 
after 24 hr. Pancreatic trypsin-inhibitor 
(T.I.) is clearly (%) able to inhibit a con- 
siderable amount of the thromboplastic effect 
of the protease. Soybean trypsin-inhibitor 
(S.B.I.) is even more effective (T-,), but the 
later tests suggest that part of this inhibition 
may be directed not only against the protease 
(III-3) but also against the natural throm- 
boplastic factors undoubtedly operating in 
T, and T,-.. 
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Fibrinolysis, etc. Lysis of the fibrin clots 
in A and B (Table I. A) occurred overnight, 
as did. To (Table I, ’b) and-T-.; (Table^I). 
This confirms the fibrinolytic actions of na- 
tural plasma protease. Fibrinolysis was 'ab- 
sent, even after 7 days at 37°C, in the en- 
zyme-free controls and in the presence of 
S.B.I.. while it was delaj'ed for 3-4 days by 
the cited amounts of T.I. Thrombinolysis 
requires further study, but did not occur with 
the proteases used in the present study, ex- 
cept trypsin (Table I, Tj). This could be 
a matter of enzyme strength, however.’*' 

The absence of significant prothrombinoly- 
sis (c/.“), due to choice of very weak enzyme 

’ More recent tests sllo^Y tlint a sufficiently potent 
tryjitase is tlironiLinolytic, 


preparations, is apparently the key to the 
successful demonstration of these important 
"thromboplastic” ■ effects. 

Summary. The natural protease (tryptase) 
in several plasma protein fractions resembles 
a weak pancreatic trypsin in its fibrino- 
genolytic, fibrinolytic, and “thromboplastic” 
effects. These actions are inhibited by cry- 
stalline trypsin-inhibitors from pancreas and 
soybean. The clear demonstration of throm- 
boplastic action in these quantitatively-con- 
trolled tests is direct proof of participation 
of plasma tr\-ptase in the blood-clotting sys- 
tem. 


SSeegors. tV. H., :inJ Loomis, E. C., Science, 
104. 4l>t. 
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Chronic Oral Toxicity o£ Alpha-Naphthyl Thiourea.* 

0. Garth Fitzhugh .and .Arthur .A. Xelsox. 

I'rnm the IJiei.-,ioii of Pharmacologn, Food and Druii Admini.siration, Federal Security Agency, 

Washington, V.C. \ 


Richter* proposed the use of alpha-naph- 
thyl thiourea (usually abbreviated .XXTU) 
as a specific poison for the control of Nor- 
way rats because of its high toxicity to rats 
and its relatively low toxicity to all other 
species tested. Its emetic property protected 
dogs in most cases, .\lthough Richter showed 
that animals became tolerant to acute doses 
of .\XTU, the experiments of McClosky and 
Smith- indicated a cumulative action with 
successive doses to rabbits and cats. In ex- 
periments conducted for short periods of time 

* ]uirtion of tlie funds used in this iiivcstig.u- 
tion was supplied bv .u transfer between the Com- 
mittee on Medieal Eeseareh of the OfSee of Scien- 
tific Research and Development and the Division 
of Pharmacology, Food and Drug Administration, 
and also between the Office of the Surgeon General, 
War Department, and the Division of Pharma- 
cology. 

1 Richter, C. P., J. A. df. A., 1945, 129, 927. 

- McClosky, W. T., and Smith, M. I., Pub. Health 
Rep., 1945, 60, 1101. 


the chronic effects of .AXTU paralleled close- 
ly those obtained with thiourea and 2-thi- 
ouracil.* Because of Richter’s report of tol- 
erance to AXTU the present study was un- 
dertaken to determine the effects of small 
amounts of .AXTU ingested during the life- 
time of the rat. 

E.vperimental. Groups of IS male weanling 
rats (21 days) from our colony of Osborne- 
Alendel strain were started on each of 7 
diets containing respectively 0, 50, 100, 200, 
400, 600 and SOO ppm -AXTU. Ground com- 
mercial rat biscuits with 1% added cod liver 
oil served as the basic diet. The -AXTU 
was niLxed with the basic diet bj^ means of 
a rotary batch mixer. Litter mates were se- 
lected and assigned to the various groups 
according to a randomized design of experi- 
ment (balanced incomplete blocks).** -All 

3 Fislicr, R. A., and Yates, F., Statistical Tables 
for Biological, Agricultural, and Alcdical Research, 
Oliver ami Boyd, Edinburgh, 193S. 
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TABLE I. 


Mean Gain iu AVcight of Male Rats Fed Dicta Containing AXTTJ. 


Dosage of ANTU, 
Time iu mo. ppm 

No. of animals 

Mean gain in wt, 

S 

Standard error 
of mean, 

S 

3 0 

IS 

324.5 

-r- 8.3 

50 

17 

315.1 

-e 7.3 

100 

IS 

262.0 

± 9.0* 

200 

18 

202.9 

-+• 7.7"^ 

400 

17 

123.2 

-4- 8.2* 

600 

18 

105.1 

-+- 7.9* 

■ 800 

16 

101.8 

± S.l* 

12 0 

12 

498.1 

±16.0 

50 

16 

505.8 

it 7.'2 

100 

15 

457.7 

-+-22.9 

200 

15 

416.3 

-+•15.2 1 

400 

16 

260.6 

-1-28.8* 

600 

15 

248.5 

-+-11.4* 

800 

12 

240.3 

-+-14.3* 


»p <.001 

tp <.01 


animals were kept in individual cages in a 
room with controlled temperature and humidi- 
ty and were given free access to their re- 
spective diets and water. Body weights and 
food consumption were determined at week- 
ly intervals. Surviving animals were sacri- 
ficed at the end of the 2-year period. 


Results. Effects on Growth and Mortality. 
Growth curves of the experimental groups, 
with the exception of that for the group on 
SO ppm ANTU, deviated markedly from that 
of the controls. The data on the gains in 
weight during the fast-growing period of 
the first 12 weeks (Table I) show that the 


animals on concentrations of 100 ppm, or 
more, grew significantly (p = <.001) less 
than those on the control diet. When the 
gains in weight of the experimental and con- 
trol animals during the first year were an- 
alyzed (Table I), the difference between the 
animals on 100 ppm ANTU and the controls 
was not significant (p = .17). This fact 
led to a further analysis of the growth data 
for the last 26 weeks of the first year. Dur- 
ing this period all groups of rats on 100 ppm, 
or°more, ANTU grew slower than the con- 
trol "roup; however, the differences in growth 
betwen the groups on 100, 200 and 400 ppm 
ANTU and the controls were not significant. 
The "rowth rate of the rats on these con- 
centrations of .ANTU had increased so that 
the value for the retardation of growth had 


changed from highly significant at 3 months 
to nonsignificant during the plateau period. 
This apparent decrease in toxicity undoubt- 
edly was due in part to the development of 
a tolerance;^ however, as we have shown in 
a similar e.xperiment with 2,2-bis (p-chhio- 
phenyl)-!, 1,1-trichloroethane (DDT),* it 
was due in part to the lesser daily intake of 
ANTU per kg of body weight as the animals 
increased in size. The reduction in dosage 
per kg of body weight was produced by the 
rapid increase in weight of the rats during 
the fast-growing period without a correspond- 
ing increase in food intake. A dislike for 
the food containing ANTU was evident in 
the rats on dosages from 400 to 800 ppm. 
For the first 3 or 4 weeks on the experimental 
diet these rats ate less per kg of body weight 
than control rats; later their food intake 
gradually became normal. -After the first 3 
months rats on dosage levels of 600 and SOO 
ppm were consuming daily more .ANTF than 
the acute lethal dose of nontolerant rats of 
the same age. 

.All the deaths, e.vcept 4 in the group of 
rats on 800 ppm ANTU. which occurred dur- 
ing the first year of the e.xperinient were 
caused either by respiratory infections or by 
middle ear disease.. The 4 deaths in the 
group on 800 ppm appeared to be a direct 

I Fitzliugli, o. G., .-iJicI Xi'lsoj), A. -V., J’lmnn. 
Sxp. Till rap., 1047, HO, IS. 
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effect of the ANTU; the animals were small 
and showed other signs of ANTU poisoning. 
.•\.t 18 months, although fewer animals were 
IK'ing in each group on 200 ppm, or more, 
.\NTU than in the control group, no group 
had a death rate significantly different from 
that of the control. .At the termination of 
the e.xperiment the differences appeared to 
have a definite break at 200 ppm; however, 
because of the small number of animals the 
differences at 200 and 800 ppm .ANTU were 
not significant. When the 4 groups from 
200 to 800 ppm .ANTU were compared joint- 
ly with the 3 groups which had an apparent 
normal death rate, namely, the groups on 
50 and 100 ppm .ANTU and the control, the 
difference in mortality rate was found to be 
highly significant. 

Pathology. .Autopsy was done on nearly 
all the 126 rats, and from 83 of them hema- 
toxylin-eosin stained paraffin sections of vari- 
ous tissues were made for microscopic study. 
Lung, heart, liver, spleen, pancreas, stomach, 
small intestine, colon, kidney, adrenal, testis 
and thyroid were sectioned routinely. In 
addition, sections of the following structures 
were obtained from the number of animals 
given: Parathyroid, 39; bones and muscles 
of knee joint region, 3 1 ; skin, 1 1 ; lymph 
nodes, 10; deformed leg and/or foot, 6; eye- 
lids, 6: urinary bladder, 3; brain, 2. Peris’ 
reaction for ferric iron was used on a num- 
ber of sections to check the nature of certain 
pigments. 

Externally, the rats were stunted and 
showed spectacle eyes, thinning and coarsen- 
ing of the hair with increased prominence of 
the guard hairs, and deformities of the legs 
and feet (Table II). Internall}', there were 
no characteristic changes, but some non- 
specific ones were seen, in addition to those 
resulting from inanition. Slight or moderate 
relative or absolute enlargement of the spleen 
was noted 14 times, most frequentlj'' (6 in- 
stances) at 200 ppm. Dark semifluid ma- 
terial in the stomach or dark spots on the 
glandular stomach mucosa were noted 28 
times, which together with 4 additional in- 
stances of focal hemorrhagic necrosis dis- 
covered microscopically make up the 32 listed 
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in Table II. In 7 animals, 5 of, which were 
in the 800 and 600. ppm groups, the thyroid 
showed questionable or slight generalized en- 
largement. 

The hair changes were most noticeable on 
the nose and on the rear half of the body 
and were related in degree to the dosage of 
ANTU. The cessation of hair growth was 
present in all rats surviving for the first year 
on 400 to 800 ppm ANTU and in 2 rats 
on 200 ppm. Spectacle eyes occurred in all 
rats on dosages from 200 to 800 ppm ANTU. 
Changes around the eyes were noticed first 
in animals on 800 ppm ANTU after about 
6 months on the experimental diet, and later 
they occurred in the animals on lower dosage 
levels. The 3 instances of spectacle eyes in 
rats on 100 ppm ANTU appeared after 80 
weeks. Sections of skin and eyelids showed 
mainly atrophy of the various structures. 
The epithelium was reduced in thickness. 
Hairs and sebaceous glands were reduced 
both in number and size. Chronic inflam- 
matory cellular exudate was present in some 
of the eyelid sections, but not in the skin 
sections. 

Hyperplasia of the thyroid was present 
microscopically (as judged from increased 
height of the epithelium and decreased 
amount of colloid) in about half the animals 
on 800 and 600 ppm ANTU, and in de- 
creasing frequency at lower dosage levels, as 
shown in Table II. All the 24 instances of 
thyroid hyperplasia’ were of slight degree, 
except for 3 of slight-moderate and 1 of 
moderate degree. In a few instances there 
were papillary ingrowths and heapings of the 
follicular epithelium which might indicate 
that the present slight degree of hyperplasia 
had been somewhat greater at some time in 
the past. 

Microscopic hyperplasia of the splenic pulp 
(Table II) was of moderate degree in 13 
instances and slight in the remaining 24, 
with the moderate degree more frequent at 
the higher than at the lower dosage levels. 

It is probable that parallelism of splenic hy- 
perplasia with dosage of ANTU is not more 
marked because of counteraction of hyper- 
plasia at the higher dosage levels by inani- 
tion which tends to cause hypoplasia (atro- 


phy) of the spleen. In 24 instances, all at 
200 ppm or above, a relative increase in 
the percentage of myeloid cells in the splenic 
pulp was noted; these spleens included 
atrophic as well as hyperplastic ones. 

Hyaline change in the cytoplasm of the 
centrolobular hepatic cells (Table II) was 
noted in 16 instances, all graded as slight or 
minimal in degree except for 2 of moderate 
and 1 of slight-moderate degree. The lesion 
consisted of increased o.xyphilia and slight to 
moderate hyalinization of the cytoplasm of 
the centrolobular hepatic cells, rvith a mini- 
mal increase in cell size. It resembled the 
lesser degrees of the typical lesion in the 
rat liver caused by the feeding of DDT,® 
but did not show tire peripheral segregation 
of large basophilic cytoplasmic granules and 
the distinct increase in cell size present in 
many of the DDT rats. Otherwise, we have 
not previously noted this lesion. Two rats 
showed focal necrosis of the liver, an inci- 
dence to be expected even in untreated ani- 
mals. There was no vacuolation of the 
hepatic cells to indicate hydropic or fatty 
degeneration. 

A slight or even moderate decrease in the 
thickness of the adrenal cortex was seen in 
most animals at the higher dosage levels, 
and less frequently with decreasing dosage 
level through the 200 ppm group; it was 
not distinct below that level. There did not 
appear to be a decrease in the number of 
cortical cells; the cells were simply smaller 
than usual, having lost most of the foaminess 
of the cytoplasm normally present in great- 
er or lesser degree. Fat stains were not 
done. This change has not been noted previ- 
ously in simple chronic inanition. The adrenal 
medulla was not altered. 

Calcified tubular casts were found in the 
renal medulla in very small to moderate num- 
bers (numerous in 2 instances at 800 ppm) 
and their incidence was proportional to 
dosage, as shown in the table. They first 
appeared at 35 weeks. They caused little 
or no renal tubular destruction. The kidneys 
otherwise showed nothing of note. 

A. A., .T. if., G., 

Fitzliugli, O. O., Smith, K. ft., Jr., jiiid f'.ilvury, 

II. O., AV/;., oO, 1000, 
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Foci of superficial terminal hemorrhagic 
necrosis of the glandular mucosa of the stom- 
ach are rather frequently seen in rats found 
dead, especially after a short period of treat- 
ment (f.c., with a highly toxic agent). How-’ 
ever, the incidence (Table II) in AXTU 
rats at the higher dosage levels ivas greater 
than usual, and the lesions were found in 
sacrificed animals as well as in those found 
dead. .A sharp drop in incidence below 400 
ppm will be noted. The lesion was gener- 
aii\- not massive. 

Bone changes (upper half of tibia and 
lower half of femur), apart from the pe- 
culiar deformities noted below, consisted in 
an increase in the number of trabeculae of 
spongy bone, an increase to a lesser extent 
in their thickness, and irregularity and slight 
thinning of the cortical bone. Sometimes a 
small portion of the spongy bone had the 
appearance (increased o.xyphilia and de- 
creased density) of being newly formed. In 
some animals small to moderate amounts of 
fibrous tissue surrounded some of the spongy 
bone and encroached on the marrow. Few 
osteoblasts or osteoclasts were seen, suggest- 
ing a slow tempo or chronic nature of these 
changes. 

The changes in the 31 bone marrows sec- 
tioned were complicated by the associated 
ones in the bone, but generally speaking slight 
myeloid hjqierplasia was frequent at the 
higher dosage levels, less frequent at 200 ppm. 
and absent below that level. On the whole 
the marrow in the epiphyses was not as 
hyperplastic as that in the shafts. The re- 
marks about inanition in connection with the 
spleen also apply here. The ultimate cause 
of the hyperplasias in the spleen and bone 
marrow is uncertain. 

Deformities of the legs and feet were noted 
after the 40th week in 8 animals receiving 
400 or more ppm AXTU. There were con- 
tractures of the extremities, so that the af- 
fected animals had the appearance of walk- 
ing on their heels and elbows, combined with 
twisting of the feet or legs; sometimes the 
paws would face backwards. Chronic gran- 
ulomas of the feet were more severe and 
the incidence was distinctly higher in treated 


animals than usually have occurred in simi- 
lar experiments with other substances. 

Structures unchanged from their appear- 
ance in the controls by the feeding of AXTU 
were lung, heart, lymph nodes, proventriculus, 
small intestine, colon, and parathyroid. 
Pancreas and testis differed only in showing 
nonspecific changes from inanition. Pig- 
mentation in spleen and adrenal was as gen- 
erally seen in adult rats. The incidence of 
middle ear infection, chronic pneumonia, and 
various spontaneous tumors was not increased. 

Discussion. Both the hair changes and the 
spectacle eyes generally are considered to be 
caused by nutritional deficiencies. Richter^ 
has reported that feeding cystine prevents 
the cessation of hair growth. Circumocular 
alopecia, or the “spectacle eye condition,” 
has been reported to occur in biotin defi- 
ciency” and in inositol deficiency;’ however, 
this condition often is associated with derma- 
titis elsewhere and is not necessarily a sign 
of a single deficiency of a member of the 
vitamin B complex.^ ^lany of the rats on 
the higher dosages of .\X'TU showed inanition 
to a marked degree, and therefore complex 
nutritional deficiencies were probably pres- 
ent. 

Destruction of bone and joint tissues in 
the feet and lower legs by suppurative in- 
flammation and the reactive processes conse- 
quent thereto appeared to be the underl 3 dng 
cause of the deformities of the legs and feet. 
The subsequent contractures and twisting are 
accounted for in the same way that thej' 
occur in human cases unless they are pre- 
vented. The chronic granulomas of the feet, 
which are occasionally seen in our rats, pre- 
sumably resulted from the trauma of the 
cage wires. It seems reasonable to assume 
that the various nutritional, endocrine and 
osseous upsets produced by feeding AXTU 
caused the tissues of the feet to be a more 
favorable location than they' are usually for 

0 Nielsen, E., nud Elvclijesn, C. A., Proc. Soc. 
Exp. Biol. .\xn 3 Ied., 1941, 48, 349. 

1 Pnveek, P. L., and Baum, H. JI., .Science, 1940, 
92, 50-2. 

» Sullivan, II., and Xic-liolls, .J., Ardi, Dec. and 
Syph., 1942. 45, 917. 
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bacterial growth. Except where involved by 
adjacent inflammatory processes, the muscles 
showed surprisingly little change. The lack 
of muscle changes rules out to some extent 
a vitamin E deficiency. 

Summary. When ANTU was fed chronic- 
ally to rats for 2 years in concentrations of 
50 to 800 ppm in the diet, the concentrations 
from 100 to 800 ppm were toxic. Externally, 
the rats were stunted and showed spectacle 
eyes, thinning and coarsening of the hair and 
deformities of the legs and feet. Histo- 
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pathological changes consisted of hyperplasia 
of the thyroid, hyperplasia of the splenic 
pulp, hyaline changes in the cytoplasm of the 
centrolobular hepatic celts, a slight to mod- 
erate decrease in the thickness of the adrenal 
cortex, calcified tubular casts in the renal 
medulla, slight myeloid hyperplasia of the 
bone marrow, and slight modifications in 
bone structure. The degree of injury in each 
case was related to the concentration of the 
ANTU. The concentrations of 600 and 800 
ppm ANTU produced a marked tolerance. 
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Separation of Two Mutually Antagonistic Chromatophorotropins from the 
Tritocerebral Commissure of Crago. 

Frank A. Brown, Jr., and Irving M. Keotz. 

From the Departments of Zoology and Chemistry, Xortliwestcni Universiiy, Fvanston, 111,, and 
the Utarhio Biological Lahoraiory, Jl'uods Ilole, .Mass. 


From the time of Roller’s original contention 
that he had discovered in the rostral region 
of the thorax of the shrimp, Crago, a new 
endocrine source, producing a principle which 
blackened white-adapted specimens,^ repeat- 
ed attempts to confirm this conclusion have 
been generally unsuccessful at the hands of 
other investigators, hlore recently it has 
been shown that the circunioesophageal con- 
nective region,- or more specifically the 
tritocerebral commissure, of Crago^ possesses 
very potent chromatophorotropic activity. 
Extracts of the commissures in sea-water, in- 
jected into eyestalkless specimens produce 
within 5 minutes striking lightening of the 
body and simultaneously blackening of the 
tail-fin (telson and uropods). It has been 
postulated upon the basis of such observa- 
tions as the following, that the tritocerebral 
commissure of Crago possesses 2 mutually 
antagonistic principles for general body-col- 
oration; (1) extracts of commissures from 

~Kolicr7G., zT^-crgl. Fhysiol., 102S, 8, COl. 
aBrowu, F. A., Jr., anil Eilerstrmu, II. E., 


J Fxp. Zool., 1940, So, 53. 

'aBrown/F. A., Jr., Physiol. Zool., 1940, 10, 21o. 


different individuals show variation in their 
relative influences in body-lightening and 
tail-fin-darkening, at times even darkening 
■the body instead of lightening it,* (2) stim- 
ulation of the stubs of the eyestalks in eye- 
stalkless animals results in body-lightening 
and tail-fin-darkening when the stimulus is 
strong, and, overall blackening if the stimulus 
is weak,* (3) comparative studies of crusta- 
cean nervous systems show some to possess 
only body-lightening activity (c.g. the crab, 
Uca), others predominantly body- and tail- 
fin-darkening activity (e.g. the lobster, 
Homariis) ? 

A clear proof, however, that the observed 
results of the action of extracts of Crago 
tritocerebral commissures are due to 2 hor- 
mones (1) a body-blackening hormone, and 
(2) an antagonistic body-lightening one ob- 
viously requires the chemical fractionation 
of the Crago commissure into 2 portions, each 
possessing only one of these 2 actions. 

-»Br(>wn7 F. A., .Ir., ami tVaUT, V. ,T„ Cell. 
Com/I. Physiol., 1941, 18, 339. 

J Brown, F, A., Jr., and Saigli, L. 3R, Biol. Bull., 
J)l, 170. 
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TABLE I. 


Friietionation of Principles of Crago Coimnissure by Drop Metliod. 
Absolute Ethyl Alcohol as Extracting Solvent. 


Extraction 

No. 

No. of firops 
of solvent 

Quantity of sea 
water to take 
iqi residue 
ee 

Size of 
injection, 
ce 

Assay 


Body 

Tail 

1 

o 

.oi; 

.03 

— 4 

0 

O 

5 

.00 

.03 

—4 

0 

3 

0 

,06 

.03 

—3 

0 

4 

5 

.06 

.03 

—1 

0 

5 

0 

.06 

.03 

—1 

0 

0 

— 

.06’' 

•Od 

—2 it 
+1 f 

+4 

* Water was 

added directly 

to the slide and the Miieared 

tissue was scraped off and tbor- 


oughly mixed with the liquid. 

t i means initial; f means final. 


TABLE II. 

Fractionation of Principles of Crago f'oimnissiiri- by Equilibrium Method. 
Absolute Methyl .Alcohol as Extracting Solvent. 

Quantity Quantity of sea 



of solvent 

water to take 

Size of 

Assav 


Extraction 

in test tube, 

up residue. 

injection. 

f 

A 

No. 

CC 

CC 

CC 

Body 

Tail 

1 

.50 

.06 

.03 

—3 

0 

o 

.50 

.06 

.03 

0 

0 

3 

— 

.06 

.03 

—1 it 

+4 

1 

.50 

.06 

.03 

—3 

0 

O 

.50 

.06 

.03 

—1 

0 

3 

.50 

.06 

.03 

0 

0 

4 

.50 

.06 

.03 

0 

0 

5 

— 

.06* 

.03 

0 it 

-1-3 





+1 f 



* AVater was added directly to the slide and the smeared tissue was scraped off thoroughly 
and mixed with the liquid. 

t i stands for initial; f stands for final. 


Investigations of the solubility of the ac- 
tive commissural material in organic solvents" 
indicated that one of the factors is prefer- 
entialh' soluble in polar organic substances, 
such as ethyl alcohol. fractionation meth- 
od based on an extraction procedure was 
thus suggested. Craig has shown® that the 
method of successive extractions can be used 
very successfully in fractionating substances 
of biological interest. Unfortunately his pro- 
cedure deals with quantities of the order of 
20 pg or more. A rough measurement of 
the size of the glandular tissue of the com- 
missure as determined from histological se- 
rial sections indicated that the quantity of 
active principle available must be much 
smaller than even one microgram. Consid- 

c Cr.nig, L. C., J. Biol. Chem., 1914, 155, 519. 


ering the region of the commissure possessing 
the gland as approximately a cylinder, one 
finds for an average specimen a diameter of 
about 0.005 cm, a length of about .05 cm, 
and hence a volume of about 1 X 10-® cc. 
Assuming a density of about 1, one obtains 
1 X 10^ g for the mass of this structure. 
-A. very generous estimate of the actual 
glandular tissue in the commissure would be 
about 25%. The concentration of active 
substance within the glandular tissue could 
hardly exceed 33% so that a mass of 0.1 gg 
is probably an upper limit to the total quanti- 
ty of active material present. It is this 
0.1 /ig which must be fractionated into 2 
components. 

Experimental. A commissure was carefully 
excised from a medium sized (1 g) specimen 
of the shrimp, CragOj as previously described'^ 
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Fia.l. 

' Froiji left to right: 1- A sea-\v:»tei*'iijjeete(l cpestalkless Cntpo (control); 

2. an e.vestalkless spet-imen receiving an injection the equivalent of one-sixtli of 
tlic sea-ivater-soluble contents of one tritoeerehral eojuinissure; 3. an eyestalkless 
specimen receiving an injection the equi\-alcnt of one-sixtii of the alcoho'l-insoiuble 
contents of a tritoeerebral commissure. The injections n'ere made about nine 
minutes before the photograpli was taken. All 3 animis were mateJicd and 
resembled specimen one at the beginning of the e.xperiment. 

and deposited on a microscope slide or cover- active principles and hence nullify the effort 
glass. The surrounding water was allowed at fractionation. This difficulty was over- 
to dry for about 2 minutes. The specimen come at least partially by drying between 
was then smeared over an area of about groups of drops, but some doubt always re- 
0.5 cm- with the aid of a blunt glass rod mained. 

or cover-glass. E.xamination under the mi- .An additional objection to this drop pro- 
croscope indicated that the ma.vimum thick- cedure lies in the difficulty of carrying out 
ness of the smeared specimen was about 5 /j. a physico-chemical analysis of the results 
and that numerous valleys and ridges were since the establishment of equilibrium be- 
present to facilitate penetration by the solvent, tween smear and solvent can be seriously 
Two alternative procedures were used to questioned, 
carry out the e.xtraction. One consisted of To overcome the objections mentioned a 
dropping the organic solvent onto the tilted modified approach was also used. The cover- 
slide bearing the smeared specimen and col- glass containing the smear was cut down to 
lecting the liquid on a depression slide. The appro.vimately the area occupied by the tis- 
liquid was collected in groups of 5 or 10 sue and then inserted into a 3 cc test tube, 
drops. An interval of a few minutes was al- 0.50 cc of solvent was added to the tube, 
lowed between each group so that the speci- which was then stoppered and shaken care- 
men slide could dry. fully for about 10 minutes. The closed tube 

This procedure was found to have the ob- minimized evaporation and the Jong time of 
jectionable feature, particularly with very contact between tissue and solvent insured 
volatile solvents, that rapid evaporation of the attainment of equilibrium, 
the solvent cooled the slide appreciably and U'ith either procedure the solvent was 
led to the condensation of water vapor on evaporated in the open air and the residue 
the specimen. The water could dissolve both was taken up in sea water. The sea-water 
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solution was used in all injections. 

The method of assay has been described 
previously." A scale from 0 to 4 has been 
established to estimate the intensity of a 
given effect. A negative sign indicates a 
lightening with respect to an appropriate con- 
trol, a positive sign indicates a darkening. 

Resulis. A tj^pical experiment using the 
drop technic is summariaed in Table I and 
an example of the test-tube method is il- 
lustrated in Table II. In both cases it is 
quite clear that the body-lightening factor 
(CBLH) can be separated without any sig- 
nificant content of the tail-darkening prin- 
ciple (CDH). The solvent used in the ex- 
periment of Table I, however, is not exceed- 
ingly volatile. Using isopropyl alcohol as 
the extracting solvent, a cleaner separation 
was effected. With methyl alcohol, which 
vaporized very' rapidly, assays usually show 
a slight amount of tail-darkening in the col- 


lected drops of solvent. It was quite obvi- 
ous that water was condensing on the slide 
during the dropping of the methyl alcohol 
and the -water must have carried along a 
little of the tail-darkening factor, for when 
the closed-tube technic was adopted (Table 
II) none of the darkening factor appeared 
in the alcohol extracts. Apparently the 
darkening factor has no significant solubility 
in the organic solvents used. 

Fig. 1 illustrates the action of a sea-water 
extract of a tritocerebral commissure which 
contains both CBLH and CDH, and the ac- 
tion of only the alcohol-insoluble fraction of 
the commissure which contains CDH alone. 

Stuiniiary. The tritocerebral commissure 
of the shrimp, Crago, has been chemically 
fractionated to separate 2 mutually antagon- 
istic chromatophorotropins influencing body- 
coloration. a general darkening one (CDH) 
and a body-lightening one (CBLH). 
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Radioautographs in Which the Tissue is Alounted Directly on the 

Photographic Plate. 

Titus C. Evans.* 

From ihe Sadidlogical Ses(arch Zahoratorij. CoUimhia Vniversitg, Xeic Yorl: City. 


In early methods of determining the loca- 
tion of radioactive elements in tissue, the 
microscope slide bearing the tissue section 
■was placed face down on a photographic 
plate.^"* j^fter a suitable exposure to the 
radiation the plate was removed and de- 
veloped. The resulting image, or autograph, 
was then compared with the tissue section 
(after staining etc.) to locate the radioactive 

* It is a pleasure to acknowledge the assistance 
and enconragenient given to the writer by lus asso- 
ciates in the laboratory. 

1 l.acassagne, A., and Lattes, C., J. jUndiol. et 
Elect., 1925, 9, 1. 

2 Hamilton, J. G., Soley, hi. H., and Eichorn, 
K. B.. rnii". Cali/onita Puhl., Pharmacol., 1940, 
1, 339. 

SLebloud, C. P., J. Aiiaf., 1943, 77, 149. 

•» Hamilton, J. G., P.adiology, 1942, 39, 541. 


material. The efficacy of this method is 
limited by (1) lack of sharpness and (2) dif- 
ficulty in matching the autograph with the 
corresponding histologic detail in the tissue. 

Recently, Belanger and Leblond® have de- 
scribed a method which reduces these ob- 
jections. The photographic emulsion from 
a lantern slide is removed and spread over 
the tissue section. After the rai'ation ex- 
posure the autograph is developed, fixed and 
washed. The tissue sections are then stained, 
cleared and the entire preparation mounted 
in balsam. 

For some time the writer had been con- 
sidering the feasibility' of mounting tissue 
sections directly on the photographic emi.l- 

5 Belanger, L. P., and Lebloud, C. P., EcOo- 
criiiology, 1946, 39, S. 
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Chro-matophorotropic Hormones of Crago 



Fig. 1. 

. From left to right: 1. A sea-water-iiijcetcd eyestalkless Crago (control); 

'2. ail eyestalkless siiecitnen receiving an injection tiie equivalent of one-sixtli of 
the sea-tvater-soluljle contents of one tritocerebral commissure; 3. an eyestalkless 
specimen receiving an injection the equivalent of one-si.vth of the alcohol-insoluble 
contents of a tritocerebral commissure. The injections tvere made about nine 
minutes before the photograph was taken. AU 3 animls were matched and 
resembled specimen one at the beginning of the experiment. 

and deposited on a microscope slide or cover- active principles and hence nullify the effort 
glass. The surrounding water was allowed at fractionation. This difficulty was over- 
to dry for about 2 minutes. The specimen come at least partially by drying between 
was then smeared over an area of about groups of drops, but some doubt always re- 
0.5 cm- with the aid of a blunt glass rod mained. 

or cover-glass. Examination under the mi- An additional objection to this drop pro- 
croscope indicated that the maximum thick- cedure lies in the difficulty of carrying out 
ness of the smeared specimen was about 5 p. a physico-chemical analysis of the results 
and that numerous valleys and ridges were since the establishment of equilibrium be- 
present to facilitate penetration by the solvent, tween smear and solvent can be seriously 
Two alternative procedures were used to questioned, 
carry out the extraction. One consisted of To overcome the objections mentioned a 
dropping the organic solvent onto the tilted modified approach was also used. The cover- 
slide bearing the smeared specimen and col- glass containing the smear was cut down to 
lecting the liquid on a depression slide. The appro.ximately the area occupied by the tis- 
liquid was collected in groups of 5 or 10 sue and then inserted into a 3 cc test tube, 
drops. An interval of a few minutes was al- O.SO cc of solvent was added to the tube, 
lowed between each group so that the sped- which was then stoppered and shaken care- 
men slide could dr^^ ^uliy for about 10 minutes. The closed tube 

This procedure was found to have the ob- minimized evaporation and the long time of 
iectionable feature, particularly with very contact between tissue and solvent insured 
volatile solvents, that rapid evaporation of the attainment of equilibrium, 
the solvent cooled the slide appreciably and With either procedure the solvent was 
led to the condensation of water vapor on evaporated in the open air and the residue 

the specimen The water could dissolve both was taken up in sea water. The sea-water 



Tissue-R.’^dioautograph Preparations 


315 


tioning are done according to the usual his- 
tologic technics. The paraffin ribbons are 
then cut into strips of 2-4 sections and al- 
loived to expand on the surface of water 
at 42° C in a small petri dish. This is dropped 
into a larger bowl which allows the sections 
to float out into cold water. The photo- 
graphic plate (lantern slide, or film not sensi- 
tive to red light) is then slipped under the 
tissue sections in dark rogm, in front of 
red safelight, one corner of the section is 
held against the emulsion of the plate and 
the plate plus the tissue removed from the 
water. The preparation is then dried in 
front of a fan and placed in a light-tight 
box for exjiosure to the radiation. Before 
developing the photographic plate the par- 
affin is removed with xylol and when this 
has evaporated the plate is developed in 
Eastman D-ll or D-72 solution. After fixa- 
tion in acid hypo, the preparation is washed 
and allowed to dry. If it is desired that 
the background (and also the image) be re- 
duced, ; this can be done by dipping the 
preparation, before the tissue is stained into 
a 0.2^ permanganate solution.® 

The tissue is stained with Harris’ hematox- 
ylin (over stain,. acid water, alkaline water) 
and aqueous eosin, then dehydrated, cleared 
and mounted in permount or balsam. The 
plate should be dried as often as possible. 
Swelling and reticulation of the emulsion 
must be avoided. 

Several methods of avoiding heavy stain- 
ing of the photographic film, which is more 
of a problem than when plates are used, 
have been employed successfully. One meth- 

<5 Liebermann, L. N., Barschall, H. H., Kev. 
Scien. In^tr,, 1943, 14, 89. 


od is staining in toto (acetocarniine, Harris’ 
hematoxylin, or eosin when absolute alcohol 
is the fixative). Another, is to place ferric 
alum in with the fixative' in order that the 
tissue may be selectively stained when the 
preparation is immersed in iron hematoxylin. 
Care must be exercised in the second use of 
ferric alum since it will reduce the auto- 
graph as well as the nuclear stain. 

Tissue prepared in the usual way may be 
used to check detail and staining properties. 
Some of the tissue should also be used for 
autographs using the older method, to in- 
sure that the general distribution of the radio- 
active material appears to be the same by 
both methods. 

Tissue-autograph preparations offer many 
advantages over the older method of pre- 
paring the two separately. The entire section 
may be studied simultaneously for histologic 
detail and for localization of the radioactive 
element. The resolution is better and 
studies can be made under either the low or 
high power of the compound microscope 
(Plate 1). These findings have aided ma- 
terially the study of experimental animals, 
of thyroid adenomas, and of thyroid car- 
cinoma metastases. 

Summary. The tissue section containing- 
radioactive material is mounted directly on/ 
the photographic emulsion in the dark room. 
After suitable exposure, the plate is devel- 
oped, and the tissue stained etc. The prep- , 
aration may be studied microscopically as 
the autographic image is in place just below, 
the tissue. 

~ Kupperman, H. S., and Novaek, G. B.., Science, 
19-13, 98, 591. 
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Plate 1. 

Pliotomierographa of rat thyroid tissue (hematoxylin and oosin) mounted on 
the pliotographic emulsion in which the autograph was later produced directly 
under the regions containing radioiodine. 

A. Thyroid region of neAvborn rat. Autograph and tissue on commercial film. 
Iilagniflcation X18. Autograph developed 4 days after tissue containing the 
radioiodiue had been attached. Three days before this babe was born, the 
mother had been injected with 30 /ic of Ilsi. The foetus was able to concentrate 
the iodine in its thyroid, in competition with the mother, as can bo seen by the 
heavy blackening which is limited to the thyroid regions. 

B. Portion of thyroid of young adult rat (wt. 171 g) which had been sacri- 
ficed 24 hours after an injection of 2,5 fic of Hai. JIagnification X2o. Medium 
contrast lantern slide, 6-day exposure. The indication of presence of radioiodiue 
is most pronounced in the smaller follicles. 

C. Small region of same thyroid shown in B, XISS. Deposition of the 
reduced silver is heavy underneath the one triangular follicle, whereas that under 
the others is only slightly greater than background (i.e., lower left corner). 


sion. When the paper of Belanger and 
Leblond appeared, their method was tried. 
The preparations, although better than those 
obtained with the older methods, were not 
completely satisfactory. The emulsion was 
uneven and contained bubbles, the autograph 
was not sharp enough for high power study, 
the “fog” was heavy, and staining was com- 
plicated” by the gelatin over the tissue, which 


became colored and lifted away from the 
slide. No doubt, some of the difficulties 
were due to ine.xperience and would be elim- 
inated in time. It seemed advisable, how- 
ever, to try our first plan, i.e. to mount the 
tissue directly on the plate. This method 
has been satisfactory and gives much better 
resolution than was possible formerly. 

Fixation, dehydration, embedding and sec- 
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TABLE L 

PoUc Aci d Stoiago in Cluck Liver and Al\isele with Im:r»!;iai«g Dlctiiiy Intakes of Folie Acid. 

7 of folic acid per g of 

Supplement added per Avg wt / — ^ 

Group Xo. 100 g ration dSd-K :it4wfc, g Liver Muscle 


1 

* 0 

130 (6)-" 

1.07 

.05 



(.79-1.52) t 

(.042-.069) 

o 

25 7 folic acid 

175 (5) 

2.35 

.00 



(1.40-3.0S) 

(.04-.07) 

3 

100 7 ” ” 

190 (6) 

3.52 

.06 


(1.97-4.51) 

(.05-.0S) 

4 

1000 7 ” ” 

175 (6) 

14.7 

.04 



(11.9-16.4) 

(.03-.05) 


* Numbers iii parentheses refer to number of eliieks surviving at 4 weeks, 
t Numbers in parentheses give the range of values found. 


chicks receiving 200 y of folic acid per 100 g 
of our basal ration. The results of these se- 
ries are summarized in Tables II and III. 

Samples taken for analysis were minced in 
a Potter-Elvehjem homogenizer^ or a Waring 
Blendor. Liver and muscle samples from 
chicks in series I and II were digested with 
taka-diastase in pH 4.5 acetate buffer for 24 
hours at 37°C since this procedure has been 
found satisfactory for liberating bound folic 
acid in these tissues.-*'" The other body tis- 
sues were likewise treated with taka-diastase 
and in addition duplicate series were treated 
in pH 4.5 acetate buffer with a kidney 
conjugase preparation prepared according to 
the procedure of Bird et al.~ No significant 
differences in liberation of folic acid from 
the various tissues vyas noted with either pro- 
cedure and the values given (Table III) rep- 
resent an average of values from tissues re- 
ceiving the 2 liberation procedures. Folic 
acid was determined with Streptococcus 
jaecalis using the medium of Luckey et aL* 
modified by the addition of 1.0 cc of Speak- 

-> Potter, Y. B., and Elvelijcni, C. A., J. Biol. 
Cliem., 1936, 114, 495. 

i Cheldelin, V. H., Eppright, M. A., Snell, E. E., 
and Guirard, B. M., riiiu. Texas Piibi., 194-2, No. 
4237, 32. 

t Luekey, T. D., Briggs, G. M., Jr., Moore. P. B., 
Elvehjem, C. A., and Hart, E. B., J. Biol. Chem., 
1945, 101, 395. 

7 Bird. 0. D., Bobbins. M., Vaiiderbelt, J. M., 
and Pfiffner, J. J., J. Biol Chem.. 1946, 103, 649. 

s Luekey, T. B., Briggs, G. M., Jr., and Elve- 
hjem, C. A., J. Biot. Chem., 1944, 133, 157. 

0 Speakman, H. B., J. Biol. Chem., 1923-24, 
38, 395. 


man’s® salts B per 100 cc of medium. 

Results and Discussion. The results oi the 
first series demonstrate that increasing the 
dietary level of folic acid has little effect on 
the content of this vitamin in chick muscle 
tissue since muscle folic acid values remained 
relatively constant regardless of dietary in- 
take. The folic acid content of the liver, 
however, increased directly with increased 
dietary intakes of the vitamin. Liver values 
were 1.07, 2.35, 3.52 and 14.7 y of folic acid 
per g of fresh liver for the 0, 25; 100 and 
1000 y dietary level groups respectively. The 
values presented here are not intended to 
represent absolute amounts of folic acid that 
will be found in chick liver and muscle tis- 
sue on similar folic acid intakes on different 
diets; but they merely represent the relative 
efficiency of storage of foiic acid under the 
particular standardized conditions used in 
this series (Series I). The observed increase 
of folic acid in chick liver as compared to 
the constancy of chick muscle tissue follows 
the expected storage of a B vitamin and is 
in contrast to the increased storage of 
pantothenic acid in muscle tissue reported by 
Pearson et al.^ 

Results from the second series indicate 
that high initial dosages of the vitamin are 
stored inefficiently in the liver since only 
3.6 y of folic acid per g of liver were present 
in chicks from Groups 3 and 4 (Table ,11) 

2 days after administration of the final mg 
of folic acid, hluscle folic acid values re- 
mained fairly constant in Groups 1, 2 and 4 
but a temporary increase occurred in the in- 
jected group. The control group of chicks 
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P. R. Moore, A. Lepp, T. D. Luckey, C. A. Elvehjem, and E. B. Hart. 
From the Department of Diochcmistnj, College of AgrieuXtitre, Vnivcrsitg of TFisconsiii, Madison. 


The water-soluble vitamins are generally 
stored and retained by animal tissues to a 
much smaller extent than the fat-soluble 
vitamins. High oral intakes of vitamin A 
are known to produce high concentrations of 
this vitamin in the livers of rats and once 
established these stores are available to the 
animal for long periods of time following 
-the exclusion of vitamin A from the diet.^ 
Data on the storage and retention of the B 
vitamins are limited. Schultz et al.- were 
unable to find a further increase in the body 
concentration of thiamine after a dietary level 
of 65 y of thiamine per rat per day was 
reached. Pearson et al.^ found that an in- 
creased dietary level of pantothenic acid had 
no significant effect on the level of this vita- 
min in the livers of chicks but did produce 
increases in the leg and breast muscle. 

In the course of our studies on folic acid 
in chick nutrition we were interested in the 
storage, retention, and distribution of this 
vitamin in the chick. Results of these in- 
vestigations are reported here. 

Experimental. Day-old White Leghorn 
cockerels obtained from a commercial hatch- 
ery were maintained in electrically-heated 
cages with raised screen bottoms. .All chicks 
were fed our folic acid-deficient basal ration 
494-K which consists of dextrin 61 g, alcohol- 
extracted casein 18 g, gelatin 10 g, soybean 
oil S g, salts V 6 g, cystine 0.3 g. thiamine 
0.3 mg, riboflavin 0.6 mg, nicotinic acid 

* Published with the .approval of the Director of 
the Wisconsin Agricultural E.-iperiineiit Station. 
Supported in part by gr.ants from the Wisconsin 
Alnmni Eesearch Foundation and Swift and Com- 


lany. 

1 Baumann, C. A., Foster, E. G., and Moore, 
’ K., J. Biol. Client., 1942, 143, 597. 

’ ’2 Schultz, A. S., Light, B. F., Caaeas, L. J., and 
Atkin, L., J. N^utrition, 1939, 17, 143. 

3 Pearson, P. B., Melass, V. H., and Sherwood, 
R. 11., J- yutrltion, 1946, 32, 187. 


5.0 mg, pyridoxine hydrochloride 0.4 mg, cal- 
cium pantothenate 2.0 mg, inositol 100 mg, 
choline chloride ISO mg, biotin 0.02 nig, 
2-methyl-l,4-napthoquinone 0.05 mg, and 
ct-tocopherol 0.3 mg. Each chick received 
in addition one drop per week of fortified 
haliver oil containing 120 A.O..A.C. units of 
vitamin D.-j and 1200 U.S.P. units of vita- 
min A per drop. Synthetic folic acid 
(pteroyl glutamic acid) was used in all e.x- 
periments. Food and water were given ad 
libitum. The chicks were maintained on the 
above ration for 3 to 4 days, weighed, and 
chicks within a 10 g weight range were dis- 
tributed uniformly into the e.xperiraental 
groups. 

In the first series groups of 8 chicks each 
were placed on folic acid levels of 0, 25, 100, 
and 1000 y per 100 g of ration. The number 
of chicks per group was reduced to 6 after 
the first week by discarding the heaviest 
and lightest animal from each group. The 
animals were sacrificed when 4 weeks old 
and representative samples of liver and mus- 
cle tissue were taken from 4 chicks in each 
group for folic acid analyses. Average 
weights of the animals at 4 weeks, number 
of survivors, and folic acid values for the 
liver and muscle tissues are summarized in 
Table I. 

In a second series, 4 groups of 16 chicks 
each were placed on the following diets; un- 
supplemented basal, basal plus 200 y of folic 
acid per 100 g of ration, basal plus 1000 y of 
folic acid per chick per day for 5 days (total 
of 5 mg per chick) by intraperitoneal injec- 
tion, and basal plus 1000 y of folic acid 
per chick per day for 5 days orally. Four 
chicks from each group were taken for folic 
acid analysis of the liver and muscle tissues 
at the end of 1,3, and 5 weeks from the time 
the supplements were started. In addition, 
folic acid analyses were made on representa- 
tive tissues from 3 series of 4- to 5-week-oId 
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dosages of folic acid were used in the synthesis 
of a biologically active but microbiologically 
inactive compound. This view has been taken 
previously by Wright ct who observed 
a decrease of folic acid (as measured micro- 
biologically) in incubated rat liver tissue. In 
any event, low tissue levels of folic acid are 
utilized efficiently on low folic acid diets. 
The possibility of storage in some other tis- 
sue of the animal seems improbable since 
analysis of the various body tissues of chicks 
receiving 200 y of folic acid per 100 g of 
diet showed the liver to be the main site of 
storage. 

Results from the second series also dem- 
onstrate that high initial doses of orally ad- 
ministered folic acid are used as efficienth' 
as equivalent doses of injected folic acid. 
Group 4, which received the folic acid sup- 
plement by the oral route, gave a growth 
response at 3 weeks equivalent to that of the 
injected group (Group 3); and at 5 weeks 
the growth of the 2 groups plateaued at the 
same weight (difference of 10 g is not con- 
sidered significant). These results do not 
substantiate the findings of Frost and Dann“ 
who found differences in favor of the injected 
folic acid but a direct comparison of the data 

10 Wright, L. D., Skeggs, H. E., .ind Welch, 
A. D., Arch. Biochcm., 1945, 0, 13. 

11 Frost, D. V., aud Dana, F. P., Science, 1946, 
104, 492. 


is impossible since different technics and ani- 
mals were involved. 

Liver, kidney, and pancreas were found to 
have the highest and skin and muscle the 
lowest content of folic acid; testes, spleen, 
heart, brain, and lung had intermediate val- 
ues. The relative content of folic acid in 
chick liver, heart, and brain agree with the 
values found by Williams et al.^- 

Stimmary. High oral intakes of folic acid 
are stored inefficienth' in chick livers and 
have little if any effect on the content of this 
vitamin in chick muscle tissue. Chicks given 
large oral doses of folic acid and then placed 
on a folic acid-deficient diet grew as well as 
chicks receiving an equivalent amount of folic 
acid by injection. The distribution of folic 
acid in some representative chick tissues has 
been studied. 

Wo are indebted to Merck and Company, Eah- 
way, X.J., for erystalline vitamiiis; to Dr. B. L. 
Hutchings of Lederle Laboratories, Inc., Pearl 
River, N.T., for crystalline folic acid; to .Abbott 
Laboratories, Xorth Cliicago, 111., for haliver oil; 
to Wilson and Company, Inc., Chicago, 111., for 
gelatin; to Allied Mills, Inc., Peoria, Hi., for 
soybean oil ; and to E. I. du Pont de Nemours and 
Company, Inc., New Brunswick, X.J., for crystal- 
line vitamin D 3 . 


1- Williams, B. J., Taylor, A., and CheldeUn, 
V. H., 17)1 io. of Tejos Pubh, 1941, No. 4137, 61. 


15780 

Intrasplenic Transplantation of Testes in Castrated Mice* 

jMin Hsin Li,t Carroll A. Pfeiffer, and W. U. Gardner. 
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Granulosa-cell tumors and luteomas have 
arisen in intrasplenic transplants of ovaries 
in castrated male and female mice.^-" The 
pathogenetic factors responsible for these 

* Aided by grants from the Anna Fuller Fund 
and the Jane Coffin Childs Memorial Fund for 
Medical Research. 

t Anna Fuller Fund Fellow in Anatomy, 


ovarian tumors have been assumed to be 
(1) the capability of the liver to inactivate 
ovarian hormones, and (2) the increase in 
the amount of gonadotrophic hormones that 

iLi, M. H., .nnd Gardner, W. 17., Science, 1947, 
105, 13 . 

- Li, M. H., and Gardner, W. TJ., Cancer Besearch, 
in press. 
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TABLE III. 

FoVie Acid Content of Tissues from ■l-5AVeok-Okl 
Chicks. 


Tissue 

Folie acid in y/g* 

Liver 

3.05 

(1.8- 

■4.3) t 

Kidnej' 

1.6 

(1.0- 

2.2) 

Panereus 

.93 

( .4- 

1.3) 

Testes 

.6 

Spiccii 

.28 

(.19- 

.27) 

Heart 

.21 

(.19- 

.23) 

Brain 

.19 

(.17- 

.2 ) 

Lung 

.17 

(.10- 

.24) 

Muscle 

.08 

(.04- 

.12) 

Skin 

.05 

(.05-, 

.06) 


’* Each value represents the average of 6 samples, 
each of wliich consisted of tlio pooled tissue of 2 
eliieks (total of 12 chicks). 

t 'Muinbers in parentheses refer to rauge of 
folic acid values encountered. 

which received the 200 y level of folic acid 
had liver and muscle folic acid values in 
fair agreement with those obtained in the 
first series. The failure of the chicks on 
the 200 y dietary level of folic acid (Table 
II) to show the e.\-pected increases in liver 
folic acid values over the groups receiving 
the 100 y dietary level (Table I) suggests 
more efficient storage of folic , acid at an 
early age in the slower growing animals of 
the first series. No significant decreases in 
liver folic acid occurred in the basal group 
and the 0.6 and .36 y/g drop from the 3rd 
to the 5 th week in Groups 3 and 4 respective- 
ly is small compared to the 2.4 and 2.9 y/g 
drop that occurred from the 1st to the 3rd 
week. Further, the increased growth from 
the 3rd to the Sth week as compared to the 
1st to the 3rd week would act to distribute 
the vitamin over a larger weight of tissue 
and the decreases in the total amount of liver 
folic acid would actually be smaller than is 
indicated by the values given. The folic 
acid in the basal ration (3 to 4 y per 100 g) 
plus that produced from a limited amount of 
intestinal synthesis would aid slightly in main- 
taining liver stores. Nevertheless, the abili- 
ty of the injected and orally administered 
groups to continue growing in spite of the 
fact that their liver and muscle tissues were 
as low in folic acid as the corresponding 
tissues of the basal group is interesting. E.x- 
planations for this discrepancy are lacking, 
but one possibility is that the initial high 
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275 days. Testicular grafts were not found, 
however, in 2 hosts sacrificed at 273 and 
296 days after the operation. Microscopical- 
ly, the testicular grafts were well incorporated 
with the splenic tissues and blood sinuses 
although major portions of the grafts were 
covered only by the splenic capsule. A few 
layers of proliferating spermatogonia and 
spermatocytes were observed in the semini- 
ferous tubules of transplants recovered after 
63 to 140 days. Sloughing of the sperma- 
togenic cells into the lumina of the tubules, 
resulting in a disorganized appearance of the 
seminiferous epithelium, was frequently en- 
countered. A slight increase in the number 
of interstitial cells of Leydig, as compared 
to a normal testis, was noted in 3 testicular 
grafts. Minute vacuoles were present in the 
cytoplasm of many of the interstitial cells. 
In testes grafted into the spleens for a period 
of over 160 days the seminiferous epithelium 
was generally thin, although the lumina of 
the seminiferous tubules remained large 
(Fig. 3). A few large primary spermatocytes 
containing 2 or more nuclei were noted in 
many of the tubules. The nuclei in these 
large primary spermatocytes were usually at 
the same stage of meiosis or were in a resting 
stage with a distinct nuclear membrane. 
Multinucleated masses containing pycnotic 
nuclei were also noted in some tubules. The 
interstitial cells were present in the coagulat- 
ed tissue fluid that occupied the intertubular 
spaces (Fig. 4). In 2 grafts a few semini- 
ferous tubules were necrotic. Fibrous and 
splenic tissues invaded parts of these 2 grafts. 
Of particular interest was the finding of 
spermatids in a testis 243 days subsequent to 
intrasplenic transplantation. .•V small group 
of spermatids, with at least 3 cells showing 
late spermiogenesis, and many scattered 
spermatids with indication of sperm head 
formation were found in the seminiferous 
tubules. large number of secondary 

spermatocytes was present in this testis (Fig. 
5). In all other testicular transplants, how- 
ever, spermatogenesis usually stopped at the 
primary spermatocyte stage. 

The prostates and seminal vesicles of the 
castrated male mice with intrasplenic testicu- 
lar transplants wthout adhesions were 


atrophic. In one mouse with vascularized 
adhesion of the graft to the left kidney' the 
accessory genital organs appeared normal 
when examined 99 days after transplantation, 
and the adrenal glands showed degeneration 
of the x-zone. Effects of castration were 
observed in the Boivman’s capsules of the 
kidney and in the subma.xillary' 

glands.^i'i- 

.■\mong 18 castrated female mice with in- 
trasplenic transplants of testes, 12 testicular 
transplants were recovered after a period 
ranging from 23 to 224 days. In 2 testes 
that had been grafted for 23 and 38 days, 
spermatogenesis had not proceeded further 
than the primary spermatocyte stage. Nor- 
mal numbers of the interstitial cells were 
noted in these 2 grafts. Histological fea- 
tures of the testes grafted for a period of 
over 150 days were generally similar to the 
corresponding transplants in the castrated 
male mice, e.xcept that the interstitial cells 
were perhaps more numerous (Fig. 6). 

The uteri of the castrated female mice 
bearing intrasplenic testicular grafts were 
atrophic and weighed less than 25 mg. No 
x-zone was observed in the adrenal glands; 
androgenic effects were not noted in the kid- 
ney's and the subma.xillary glands showed 
castration changes. 

Discussion. In view of the relatively high 
percentage of successful transplants, the 
spleen appears to be a favorable site for 
e.xperiments on the intraperitoneal trans- 
plantation of testes. Pfeiffer,^ and Turner^^ 
reported that testicular transplants in the 
livers and kidneys of rats start to develop 
well but usually become infiltrated with fat 
and connective tissue and then degenerate, 

^Microscopical examination of the present 
material reveals that the intrasplenic trans- 
plants of testes in castrated male and female 
mice resemble, in general, the cryptorchid 

9 Pfeiffer, C. A., Emmel, V,, .lud G.irdner, W, TT., 
Yale J. Siol. and :iled., 19i0, 12, 493. 

10 Crabtree, C. E., JSndocrinology, 1941, 29, 197. 

It Lne . nssasiic , A ., C . S . Soc . Biol ., Paris , 1940 , 

133, ISO, 

1- Fekete, E., Chapter 3, Biology of the Labora- 
tory Mouse, ed. by Suell, G. D., 1941. 

13 Turner, C. D., Am. J. Anat., 193S, 63, 101. 
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Fig. 1. Age of the intrasplcnie testicular transplants in castrated male and female mice. 


follows castration. A failure to obtain 
androgenic effects on the accessory genital 
organs of castrated male rats and rabbits oc- 
curred when androgens were administered so 
that they passed through the hepatic portal 
system before gaining access to the general 
circulation.^"’' Biskind and Biskind® have 
reported that one granulosa cell-like tumor 
developed in an intrasplenic testicular graft 
in a castrated male rat. The fate of intra- 
splenic testicular transplants in castrated 
male and female mice and evidence for their 
endocrine effects are reported in this paper. 

Materials and Methods. Inbred mice of 


3 Pfeiffer, C. A., Am. J. Anat., 1930, 58, 195. 

4 Biskind, 6. R., Pkoc. Soc. Exp. Biol. aX 0 
Med., 1940, 43, 259. 

oBurrill, M. W., and Greene, R. R., Pkoc. Soc. 
Exp. Biol. -VND Med., 1940, 44, 273. 

oBurrill, M. W., and Greene, R. E., Endocrin- 
ology, 1942, 31, 73. 

7 Krichesky, B., Benjamin, J. A., and Slater, C., 


Endocrinology, 1943, 32, 34o. ^ „ „ 

S Biskind, M. S., and Biskind, G. R., Proc. Soc. 
Exp. Biol, axd Med., 1945, 4. 


the A Strain were used.t Both male and fe- 
male mice were castrated when they were 
1 to 3 months of age, and a testis obtained 
from 2- to 7-day-old male mice of the same 
strain was transplanted into the spleen of 
each animal at the time of castration. The 
animals were fed on a commercial diet 
(Nurishmix), with occasional supplements of 
grain (a mi.xture of wheat, oats, sunflower 
seeds, and calf-meal pellets), and water. The 
age of the intrasplenic transplants of testes 
at the time of autopsy is given in Fig. 1. 

Results. The spleen provided a good 
vascular supply for the testicular grafts: tliey 
increased in size shortly after the transplanta- 
tion as observed at laparotomy. The trans- 
plants usually protruded from the surface of 
the spleen; the largest measured about 
4x8 mm in diameter (Fig. 2). 

Twenty testicular grafts were recovered 
from castrated male mice bearing intrasplenic 
transplants for a period ranging from 63 to 

t These mice were supplied by Doctors A. Gorb- 
man, C. W. Hooker, and L. C. Strong. 
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Fig. 5. Sectiou of a testis grafted in the spleen of a castrated male mouse for 243 days 
showing spermatocytes, spermatids, and three spermiogcnic cells (arrows pointed). Photo- 
micrograph X 3S0 (approx.). 

Pio. 6. Section of a testis grafted in the spleen of a castrated female mouse for 1G5 days. 
Note the number of the interstitial cells and thin seminiferous epithelium. Photomicrograph 
XSO (appro.x.). 


testes described in many other mammalian 
species.” That the normal spermatogenic 
activity in retained testes is impaired by the 
higher temperature in. the abdominal cavity 
is known, but information concerning the 
definite mechanisms that govern the normal 
process of spermatogenesis is still incomplete. 
The observation of large primary spermato- 
cytes containing 2 or more nuclei in the 
testicular grafts indicates that the cytoplasmic 
divisions do not proceed normally even in 
the spermatogonia. It is interesting to find 
secondary spermatocytes, spermatids, and 
early formation of spermatozoa in a testis 
transplanted into the spleen for a period of 
243 days. Complete spermatogenesis in 
testes that presumably resided inside the ab- 
dominal cavity has been reported in 2 
hermaphroditic mice by Blotevogel,^^ and 
Hooker and Strong.*® 

The maintenance of accessory genital or- 
gans in a castrated male mouse with vascular- 
ized adhesion of the testicular graft to the 
left kidney indicates that intrasplenic grafts 
produce androgen. The histological appear- 
ance of the interstitial cells of Leydig in 
the testicular transplants affords further in- 
dication of the functional activity. The 
castration effects found in organs of the 
castrated male mice bearing intrasplenic 
transplants of the testes suggest that the liver 
inactivates the androgenic hormone produced 
by the graft. With the mice thus physi- 
ologically castrated as far as androgen in the 
general circulation is concerned, it seems 
probable that the gonadotrophic hormones of 
the hypophysis are increased.** This would 

I-* Moore, G. K., Chapter 7, Sex and Internal 
Secretions, ed. by Allen, E., 1939. 

Biotevogel, W., Zentrahl. f. Gyn., 1932, 56, 
2250. 

to Hooker, C. TV,, and Strong, L. C., Tale J. Biol. 
and IXcd., 1944, 10, 341. 

i" Burrows, H., Biological Actions of Sex Sor- 
mones, Cambridge Univ. Press, 1945, p. 45. 


explain the functional appearance of the in- 
terstitial cells in the intrasplenic grafts and 
would agree with the observations of Nel- 
son** and Moore'® who reported that the 
hormone secretion by experimental cryptor- 
chid testes in rats is stimulated by injections 
of gonadotrophic hormones. Turner*® ob- 
served hypertrophy and hyperplasia of the 
interstitial cells of Leydig in intraocular 
transplants of testes in castrated rats, but 
the transplants in noncastrated rats invaria- 
bly contain sparse interstitial elements. 

Histological study of the present material 
shows no indication that the intrasplenic 
testicular transplants in castrated male and 
female mice may develop into a granulosa 
cell-like tumor such as reported by Biskind 
and Biskind* in a castrated male rat under 
similar circumstances. The failure to find 
tumors in the present experiment suggests 
that intrasplenic testicular transplants do not 
as readily become tumorous as do intrasplenic 
ovarian grafts in castrated mice.*-® 

Summary. Thirty-two successful testicular 
homotransplants were recovered from 40 cas- 
trated male and female mice of the strain 
bearing the intrasplenic transplants for a 
period ranging from 23 to 275 days. The 
testicular transplants showed the general 
histological features of cryptorchid testes, 
although spermatids and sperm heads were 
noted in one case after 243 days of trans- 
plantation. The present material gave no 
indication of tumor development in the in- 
trasplenic testicular transplants. The experi- 
mental data suggested that the endogenous 
androgen produced by the intrasplenic 
testicular transplant was inactivated when 
passing through the hepatic portal system. 

isXelsoii, W. 0., Pboc. Soc. Exp. Biol, axd 
Med., 1934, 31, 1192. 

13 Moore, G. E., Tale J. Biol, and 2Ied., 1944, 
17, 203. 
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Fig. 2. Photograph of a castrated mate mouse bearing an intraspicnic testicular graft for 
274 da7S. Arrow indicates the graft. Note atrophy of the seminal vesicles and prostates. 

Fig. 3. Section of a testis grafted in the spleen of a castrated male mouse for 257 days. 
Photomicrograpli X 80 (approx.). 

Fig 4. Section of a testis grafted in the spleen of a o.astrated male mou.se for 20S days 
showing the interstitial cells and disorganized seminiferous epithelium. Photomicrograph x l5» 
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Fig. 5. Section of a testis grafted iii the spleen of a castrated male mouse for 243 days 
showing spermatocytes, spermatids, and three sperniiogcnic cells (arrows pointed). Photo- 
micrograph X 380 (approx.). 

Pig. (i. Section of a testi.s grafted in the spleen of a castrated female mouse for 1G5 days. 
Note the number of the interstitial cells and thin seminiferous epithelium. Photomicrograph 
XSO (approx.). 


testes described in many other mammalian 
species.^'* That the normal spermatogenic 
activity in retained testes is impaired by the 
higher temperature in the abdominal cavity 
is known, but information concerning the 
definite mechanisms that govern the normal 
process of spermatogenesis is still incomplete. 
The observation of large primary spermato- 
cytes containing 2 or more nuclei in the 
testicular grafts indicates that the cytoplasmic 
divisions do not proceed normally even in 
the spermatogonia. It is interesting to find 
secondary spermatocytes, spermatids, and 
early formation of spermatozoa in a testis 
transplanted into the spleen for a period of 
243 days. Complete spermatogenesis in 
testes that presumably resided inside the ab- 
dominal cavity has been reported in 2 
hermaphroditic mice by Blotevogel,^^ and 
Hooker and Strong.*® 

The maintenance of accessory genital or- 
gans in a castrated male mouse with vascular- 
ized adhesion of the testicular graft to the 
left kidney indicates that intrasplenic grafts 
produce androgen. The histological appear- 
ance of the interstitial cells of Leydig in 
the testicular transplants affords further in- 
dication of the functional activity. The 
castration effects found in organs of the 
castrated male mice bearing intrasplenic 
transplants of the testes suggest that the liver 
inactivates the androgenic hormone produced 
by the graft. With the mice thus physi- 
ologically castrated as far as androgen in the 
general circulation is concerned, it seems 
probable that the gonadotrophic hormones of 
the hypophysis are increased.*' This would 

1-4 Moore, C. K., Chapter 7, Sex and Internal 
Secretions, ed. by Allen, E,, 1939. 

I j Bloterogel, W., ZentraW. f. Gyn., 1932, 56, 
2250. 

10 Hooker, C. 'W., and Strong, L. C., Yale J. Biol, 
and Ifcd., 1944, 16, 341. 

1" Burrows, H., Biological Actions of Sex Hor- 
mones, Cambridge Unir. Press, 1945, p. 45. 


e.x'plain the functional appearance of the in- 
terstitial cells in the intrasplenic grafts and 
would agree with the observations of Nel- 
son*® and Moore*® who reported that the 
hormone secretion by experimental cryptor- 
chid testes in rats is stimulated by injections 
of gonadotrophic hormones. Turner*® ob- 
served hypertrophy and hyperplasia of the 
interstitial cells of Leydig in intraocular 
transplants of testes in castrated rats, but 
the transplants in noncastrated rats invaria- 
bU’ contain sparse interstitial elements. 

Histological study of the present material 
shows no indication that the intrasplenic 
testicular transplants in castrated male and 
female mice may develop into a granulosa 
cell-like tumor such as reported by Biskind 
and Biskind® in a castrated male rat under 
similar circumstances. The failure to find 
tumors in the present experiment suggests 
that intrasplenic testicular transplants do not 
as readily become tumorous as do intrasplenic 
ovarian grafts in castrated mice.*'® 

Summary. Thirty-two successful testicular 
homotransplants were recovered from 40 cas- 
trated male and female mice of the A strain 
bearing the intrasplenic transplants for a 
period ranging from 23 to 275 days. The 
testicular transplants showed the general 
histological features of cryptorchid testes, 
although spermatids and sperm heads were 
noted in one case after 243 days of trans- 
plantation. The present material gave no 
indication of tumor development in the in- 
trasplenic testicular transplants. The experi- 
mental data suggested that the endogenous 
androgen produced by the intrasplenic 
testicular transplant was inactivated when 
passing through the hepatic portal system. 

IS Nelson, 'W. O., Peoc. Soc. Exp. Biol, and 
Med., 1934, 31, 1192. 

10 Moore, C. E., Yale J. Biol, and Hed., 1944, 
17, 203. 
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Toxicity Studies on Rutin. 

Robert H. Wilson, T. G. Mortarotti, and E. K. Doxtader. 

From the Pharmacology Division, Bureau of Agricultural and Industrial Chemistry, Agricul- 
tural Bescarch Administration, U. S. Department of Agriculture, Albany, California. 


Rutin is a flavonol glycoside that has been 
found clinically to have a beneficial effect in 
a variety of conditions characterized by ab- 
normal fragility of the capillaries.*”* Its ac- 
tion is thus similar to that of vitamin P, the 
term applied by Rusznyak and Szent-Gyorgyi^ 
to a preparation which they believed led to 
a decrease in capillary fragility. The sub- 
stances which have been reported to possess 
this activity have been flavonol derivatives 
or compounds closely related to the fla- 
vonols,*’'* and of these rutin (quercetin 
rhamnoglucoside) is found in a number of 
common plants. The preparation of rutin 
from buckwheat is economically feasible.' 

To.\icity data on the flavonol ' glycosides 
are scanty and knowledge of chronic toxicity 
is especially limited. Since clinical e.xperi- 
ence indicates that treatment, to be effective, 
must be continued for long periods, chronic 
toxicity studies are especially important. 
Garino® administered rutin, quercitrin, hes- 


obtained from forsythia could be adminis- 
tered parenterally in relatively large doses 
for a long period of time to a variety of 
animals without eliciting any symptoms. 
(This glycoside from forsythia has been 
identified by Couch, Naghski and Porter*® 
as rutin), von Jeney, Valyi-Nagy, Vaezi 
and Mihalik** injected 10 mg/kg of quer- 
citrin into dogs without untoward effects, al- 
though blood lactic acid values were lowered. 
Wilson and DeEds*- fed diets containing up 
to 1% of the flavonone glycosides, naringin 
and hesperidin, to rats for 200 days. Growth 
and organ weights of the animals were not 
affected and the tissues of hesperidin-treated 
animals, which were e.xamined microscopical- 
ly, were normal. Giltner*^ has fed rutin to 
albino guinea pigs and e.xposed the animals 
to light; these animals did not show signs 
of light sensitization such as occurs in ani- 
mals eating buckwheat, an important point, 
since the principal source of rutin at the 


peridin and naringin by mouth or parenterally 
into dogs; some of these compounds were 
eliminated in the urine unchanged, and none 
was found to be toxic. Czimmer® reported, 
without details, that a quercetin glycoside 


1 Scarborough, H., Diochem. J., 1945, 39, 271. 

2 Griffith, .1. Q., Jr., Coucli, J. F., .and Liiulauer, 
il. A., PiiOC. Soc. Exp. Biol, .^nd Med., 1944, 
53, 228. 

aShaiiuo, R. L., Am. ■/. Med. Sciences, 1946, 
211, 539. 

•4 Kushlan, S. D., Gastroenterology, 1946, 7, 199. 
r. Rusznyak, St., and Szent-Gybrgyi, .A., Xature, 
1936, 138, 27. 

0 Bruckner, V., and Szent-Gyorgj-i, A., Nature, 


1936, 138, 1057. 

r Couch, J. F., Naghski, J., and Krewson, C. F., 


Science, 1946, 103, 197. 

S Garino. M., physiol. Ghent 
3 Cziinmer, A. G., Arch. exp. 


., 1913, 88, 1. 
Path. Fharmahol., 


1936, 183, 587. 


present time is buckwheat. Clinical reports 
by Griffith, Couch, Lindauer- and by Shan- 
no'* indicate that a daily oral intake of 40 
to 120 mg of rutin for periods up to 9 months 
can be taken without the patients showing 
any signs of toxicity from the drug, and 
Griffith, Lindauer, Shanno and Couch, in 
their e.xhibit at the meeting of the American 
Medical Association in 1946, stated that in 
some cases the time had been extended to 
36 months. 

Experimental. Acute toxicity. In the 

ID Couch, J. F., Nagliski, J., and Porter, W. L., 
J. Am. Client. Soe., in press. 

II V. .Teuey, A., Viiiyi-Nagy, T., Vaezi, L., and 
Mihalik, St., Arch. exp. Path. Pharmahol., 1940, 
19-4, 718. 

12 Wilson, E. H., and DeEds, F., Food Bcscarch, 
1940, 5, 89. 

13 Giltner, L. T., personal communciation. 
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Fig. 1. 

Growth curves of rats on Kutiu-eontaining diets. 


course of studies to be published later on the 
pharmacology of rutin,* certain data have 
accumulated on the acute toxicity of the sub- 
stance. .\dult rats and guinea pigs weigh- 
ing 200 to 350 g have been injected with 
solutions containing 10 mg 'ml of rutin. Or- 
dinarily, the solvent was 5% ethyl alcohol, 
the rutin being soluble in the hot solvent 
and precipitating out slowly enough on cool- 
ing so that injections could be made. Oc- 
casionally, Ringer’s solution was used as the 
solvent; rutin is fairly soluble in Ringer’s, 
but a darkening of the solution indicated 
some chemical change and, for this reason, 
such a solution was seldom used. Sixteen 
rats were given 10 mg per animal, or approx- 
imately SO mg/kg, intraperitoneally, and S 
guinea pigs 10 mg per animal, about 30 to 
40 mg/kg, intraperitoneally or intravenously. 
Twelve rabbits were injected intravenously 

* The rutiu was furnished us hy the Eastern 
Eegional Eesearch Laboratory of the IT. S. Depart- 
ment of Agriculture, Philadelphia, 


with a 20% solution of rutin dissolved in 
propylene glycol; the dosage was 100 or 200 
mg/kg. No symptoms tvere observed in any 
of these animals. 

Chronic toxicity. Albino rats were used 
for the studies of chronic to.xicity. These 
animals, mostly males and weighing about 
90 g at the start of the experiment, were 
divided into groups of 6 animals each and 
fed diets containing from 0.25 to 1.0% of 
rutin thoroughly mixed into finely ground 
Purina Dog Chow.l Growth curves and food 
intakes were recorded for 150 days (Fig. 1). 
Growth was essentially normal at all levels 
of rutin. The female animals receiving the 
1.0% diet had no controls. These animals 
were used later in connection with studies 
on reproduction. Their growth curve is in- 

t “Purina Dog Chow’’ is named as part of the 
specification of the exact experimental conditions, 
and it is not implied that this product is better 
than or inferior to any other commercially prepared 
dog feed. 
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eluded on the chart to indicate that admin- 
istration of the diet was for the same period 
as for the males on the same diet. At the 
end of this period, the control rats and those 
on the 0.25 and 0.5% rutin diets were au- 
topsied and the liver, spleen, kidneys, 
adrenals, testes and heart were weighed. The 
weights of- the organs did not deviate from 
control values to a statistically significant 
degree, and the gross appearance of all tis- 
sues was normal. 

The 6 males and 6 females on the 1% 
rutin diet were continued on the diet follow- 
ing completion of the growth records. They 
were mated, with results recorded below, and 
afterwards observed periodically- until they 
had been eating the diet for 400 days. At 
autopsy, the gross appearance of the tissues 
was normal; organ weights were not obtained. 


One of the 4 litters was born dead and the 
other 3 were small (3 to 5 per litter). Since 
the average for the colony is considerably 
better than this, the experiment was repeated 
with variations using more animals. 

At 3 months of age, 30 healthy female rats 
and 15 males were placed on their respective 
diets — Purina Dog Chow containing 1% of 
rutin for the experimental animals, and the 
chow alone for the controls. Fifteen females 
and all of the males ate the rutin diet, .\fter 
a month the animals were divided into 15 
groups, each group containing a male, a fe- 
male on the rutin diet, and a control female 
which was a litter-mate of the experimental 
female. To keep the experimental animals 
from eating control diet, and the control rats 
from ingesting rutin, food was withheld dur- . 
ing the periods when the animals of a group 


Tissues from all of the animals (both the 
1,30-day and 400-day rats) were embedded jn 
paraffin and sections were stained with hema- 
toxylin and eosin. Histopathological study 
of these sections was made by Dr. A. J. 
Cox, Jr., Stanford University School of Medi- 
cine, San Francisco, who reported that there 
were no striking changes in any of the rats 
as compared with the controls. The animals 
which received 1% rutin in the diet for 400 
days showed slight irregularity in vacuolation 
of the cortical cells of the adrenals, which 
may signify a little irregularity in lipoid con- 
tent of the cells. However, this was not 
pronounced and is of doubtful significance. 
In 3 of the 6 female rats which received the 
1 % rutin diet there was distinctly more brown 
granular pigment in the renal epithelial cells 
than in the controls. However, since all 
of the control animals were males, this ob- 
servation cannot be interpreted. The male 
rats receiving the same amount of rutin did 


not show this change. 

It was mentioned above that at the end 
of ISO days, the animals on the 1% rutin 
diet were used for observations on reproduc- 
tion There were 6 pairs, caged together 
for a month. From these unions there re- 
sulted 4 litters from 3 of the females (one 
of which must have been imprecated im- 
mediately after the birth of the first litter). 


were caged together. These periods were 
limited to about ,7 hours, and there were IS 
of thena in the month of the experiment. 
Admittedly such excessive handling would 
not be conducive to good breeding, but 
chances for impregnation should be equal for 
control and experimental rats. As a result 
of these matings there were 4 litters born to 
the females eating the rutin diet, and 2 lit- 
ters to control females. The litters varied 
considerably in size, mortality was not ex- 
treme. It is concluded that 1% of rutin 
in the diet did not limit the fertility of these 
animals. 

Several of these litters were allowed to 
grow until weaning. The young of the moth- 
ers on the rutin diet were as large and active 
as those of the control females. 

As a further check on the influence of 
rutin on reproduction, estrus studies were 
made for a 4-week period on 6 female rats 
eating a 1 % rutin diet and 6 control females. 
The length of the estrous cycle was not 
modified by the ingestion of rutin. 

Discussion. Clinical use of rutin, as noted 
earlier, can be expected to be for long periods 
of time, as present indications are that dis- 
continuance leads to a recurrence of the 
original condition. For this reason, the most 
important part of a toxicity study of rutin 
must be the effect of chronic ingestion. In- 
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gestion by rats of a diet containing 1% of 
rutin for 400 days amounts, in the adult ani- 
mal, to about 0.6 g/kg/day, and 400 days 
is M'ell over one-third of a normal rat life. 
Such an intake is far in excess of any dosage 
likely to be administered for therapeutic pur- 
poses. 

Coitchision and Summary. Rutin, a 
flavonol glycoside with vitamin P activity, 
was studied for signs of acute and chronic 
to.xicity. In rats and guinea pigs, intra- 
venous and intraperitoneal injections of 30 
to 50 mg/kg, and intravenous injections in 
rabbits of 100 to 200 mg/kg, were inocuous. 


The rate of growth of albino rats was not 
affected when the diet contained as much 
as lYa of rutin, and after 400 days on such 
a diet, histological examination of the tissues 
showed no evidence of injury which could be 
definitely related to rutin administration. 
Organ weights of the experimental animals 
were normal. The length of the estrous cy- 
cle was the same in rats eating a 1% rutin 
diet as in control animals, reproduction w'as 
as good, and the young appeared to be as 
healthy. On the basis of the criteria em- 
ployed, rutin is nontoxic both acutely and 
chronically. 
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Two .Antibiotics (Lavendulin and Actinorubin) Produced by Two Strains 
of Actinomyces. III. Toxicity and Thei-apeutic Studies.^ 

Harry E. ^Morton. (Introduced by N. Richards.) 

J-’roiii ttic Vnivcrsit;/ of Pennsylvania, School of Meilicinc, Department of Bnclcriology, 

Philadelphia, Pa. 


Two new antibiotics, lavendulin and 
actinorubin, produced by 2 strains of 
.Actinomyces isolated from .soil have been de- 
scribed,^-- The active substances have been 
purified and isolated and found to be of a 
basic nature.^ It is the purpose of this pub- 
lication to describe the toxicit)-^ and thera- 
peutic studies which were carried out in mice. 

Materials. Test animal. White mice 
weighing 17-19 g were used throughout the 
experiments. 

Antibiotics. Partially purified prepara- 
tions^ of lavendulin and actinorubin were 
used. The purest preparation of lavendulin 
used contained 4.5% ash. By the agar plate 
method of assays 0.65 pg per ml of nutrient 
agar inhibited the growth of Escherichia coli. 
By the method of assay in which serial 

* This pro.iect has been supported by the Smith, 
Kline and French Laboratories, Philadelphia, Pa. 

I ICeliior, Kocholaty, \V., Jui\owiez-ICocholaty, 
S., and Morton, H. E., J. Bact., 1946, 51, 591. 

- Kclner, A., and Morton, H. E., to be published. 

3 Junowicz-Kocholaty, S., and Kocholaty, W., to 
he published. 


dilutions of the material are made in nutrient 
broth,- 0.078 pg per ml of broth inhibited 
the growth of E. coli, P2 16. The purest prep- 
aration of actinorubin used contained 2.8% 
ash. By the agar plate method of assay,'* 
0.55 pg per ml of nutrient agar inhibited 
growth of £. coli. By the method of assay 
in which serial dilutions of the material are 
made in nutrient broth,- about 0.2 pg per 
ml of broth inhibited the grow-th of E. coli. 
It was more difficult to get a reproducible 
end-point in the assay of actinorubin in broth 
than was the case with lavendulin. 

Test organism for protection studies. 
Klebsiella pneumoniae, .American Type Cul- 
ture Collection No. 8050 was used.' It was 
found to be of serological type .A by the 
Quellung reaction. 

Technics. Dilutions of the antibiotics 
were prepared in sterile distilled water. 

For determining toxicity a given dose of 
the antibiotic was injected intraperitoneally 
into each of 10 mice. The mice were ob- 
served daily for 14 days. 

In each protection test the virulence of the 
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culture was checked. One ml amounts of 
an 18-hour-old broth culture of K. pnen- 
moiiiae, serially diluted in broth, were inject- 
ed intraperitoneally into mice. Usually 5 
to 10 mice were injected with each dilution 
of the culture. At the time each dilution of 
the culture was injected into mice, 1 ml 
portions were made into poured agar plates. 
After 48 hours of incubation at 37°C the 
colonies were counted. Five to 10 bacilli, 
as judged by the poured agar plate count, 
killed over 50% of the mice, whereas 40 to 
50 organisms could be depended upon to 
kill all of the mice. The challenging dose of 
culture was between 100 and 1000 times the 
minimum amount of culture required to kill 
all of the mice. For determining the thera- 
peutic effect of the antibiotic, 100 to 1000 
lethal doses of K. pneumoniae were injected 
intraperitoneally into each mouse, followed 
in a few seconds by an intraperitoneal in- 
jection of the drug. Usually 10 mice were 
injected with each graded dose of the drv^. 
The mice were kept under observation for 
14 days. The heart’s blood of some of the 
animals dying during the course of the e.\'- 
periment was streaked on agar plates to de- 
termine that death was due to infection with 
K. pneumoniae. 

Results. The results of injecting mice with 
varying dilutions of lavendulin are sum- 
marized in Table I. Intraperitoneal injection 
of 0.5 mg was fatal to all of 10 mice. The 


results of the therapeutic action of lavendulin 
in mice against at least 100 lethal doses of 
K. pneumoniae are summarized in Table II. 


TABLE I. 

Resuits of In.joetiiig itiee ivitii Viiryiug Boses of 
Liiveiiduliii. 
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} t 

< 72 ” 




2 

33 

<104 ” 

10 

0.5 

n 

6 

3 3 

< 70 " 



« 

2 

3 3 

<104 ” 




1 

33 

<105 ” 




1 

33 

125 ” 

10 

0.25 


1 

3 3 

< 71 ” 




3 

3 3 

<104 ” 




1 

3 3 

on Gtli day 




5 alive after 1-i ^ays 

10 

0.1 


10 

t t 

” 14 ” f 

10 

75 pg 

10 

33 

” 14 ” f 

10 

50 

>} 

10 

1 i 

” 14 ” i 


” Wt at time of injection, 17-18 g. Avg wfc at 
('Jill of c.-cper., IG.!) g. 

t W't .at time of injection, 17-18 g. Avg wt at 
end of exper., 19.3 g. 

{ Wt at time of injection, 17-18 g. A'vg wt at 
end of e.vper,, 20.6 g. 

5iWt at time of injection, 17-18 g. Avg wt a,- 
end of exper., 20.4 g. 


TABLE H. 

Summary of Tests Deiuoustrating tlie Protective .4ctiou of Lavendulin Against K. pneumoniae 

in White Ulice. _____ 


Dose of culture, 
ml diln 

Dose of 
l.avendnljji 

No. of mice 
injected 

No. of mice 
dying 

No. of micf 
surviving 

1 

10-8 

0 

5 

3 

2 

1 

10 -r 

0 

5 

5 

0 

1 

1 

10-0 

10-> 

0 

0 

5 

5 

5 

0 

0 

0 

1 

10-<' 

200 pg 

10 

0 

10 

1 

10</ 

ino ” 

10 

0 

10 

1 

I0~o 

50 ” 

10 

0 

10 

1 

1 

1 

lO-a 

10-3 

10-3 

25 ” 

10 ” 

5 ” 

10 

10 

10 

1* 

2t 

7t 

y 

8 

3 


N^o -ir. pneumoniae in culiare from the he.rrt’s 

a on the ■’nd and 3rd davs of the experiment. One mouse .autopsied .and K. pnctmoniac 

cultivated from gl® from the heart’s Wood of each of 3 mice autopsied. 

i K, pneumoniae cuitivaccu 
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TABLE HI. 

Results of Two Experiments iu Which Mice Were 
. Injected Intniperitmieiilly. with Yurying Doses of 
Aetiuorubin, 


Xo, of 
micL* 

Dose of 
actinorubin 

Results 

lu 

mg 

3.43 

10 died (3rd and 4tli days) 

lu 

1.37 

10 died {3rd, 4th, and 5tli 

10 

1.0 

days) 

9 died (4th, 5th, and 9th 

10 

O.CS 

days) 

1 alive 14th day 

5 died (5th, (5th, 7th, and 

»> 

0.34 

10th days) 

5 alive 14th day 

9 alive 14th day 

10 

1 

S died on otU day 

10 

0.75 

1 died on 7th day 

1 alive after 14 days* 

3 died on otli day 

in 

0.5 

7 alive after 14 days! 

3 died (S to 13 davs) 

10 

0.35 

7 alive after 14 days* 

2 died, 3rd and Sth day 

10 

0.25 

8 alive after 14 daysj 
.All alive after 14 days) 


■' Wt !it time of iujoetion, lS-19 g. Wt at end of 
ex-per., 15 g. 


iWt at time of injection, lS-19 g. Avg wt of 5 
mice at end of exper., lo.l g. 

t Wt at time, of 'iujeetion, 17 -IS g. Avg wt at 
end of ex])er., IC.S g. 

SWt at time of injection, 17-lS g. Avg wt at 
end of exper., 19.9 g. 

All of 10 mice were protected from death 
due to the test organism by 25 /rg of 
lavendulin. The ratio of the therapeutic 
dose to to.xic dose of lavendulin is of the 
order of 1:20. Calculating the LD^o of 
lavendulin and that dose of lavendulin which 
protected 50% of the mice in the presence of 
more than 1000 LD^o of culture by tbe pro- 
cedure of Reed and Muench,* the ratio of 
therapeutic dose to toxic dose is of the order 
of 1:27. 

The results of injecting mice with varying 
dilutions of actinorubin are summarized in 
Table III. All of 10 mice were killed by 

•iRecd. L. J., and Muonch, H., Am. J. Syg., 
193S, 27, 493. 


TABLE lY. 


Summary of the Tests Demonstrating tlie Protective Action of 

monuic iu White Alice. 

Date of test: April 13, 1940. 

Actinorubin 

Against E. pneu- 

Dose of culture 
ml dilu 

Dose of 
aetiuorubin 

No. of mice 
injected 

Xo. of mice 
dying 

Xo. of mice 
surviving 

1 

10-9 

0 

o 

1 

4 

1 

10-s 

0 

5 

0 

0 

1 

10-t 

0 

5 

5 

0 

1 

10-0 

0 

o 

3 

o 

1 

10-r> 

0 

ci 

o 

0 

1 

10-0 

340 


0 

5 

1 

10-0 

137 

o 

0 

5 

1 

10-0 

GS.o ” 

5 

0 

5 

1 

10-0 

34 ” 

J 

(1 

o 

1 

10-0 

13.7 ” 

5 

0 

5 

1 

10-6 

(5,83 ” 

5 

1 

4 

1 

10-0 

3.4 ” 

5 

o 

3 



Date of Test : 

; April 24. 194(5. 



1 

10-9 

0 

10 

1 

9 

1 

10-s 

0 

10 

7 

3 

0.5 

10-t 

0 

10 

9 

1 

1 

10-t 

0 

10 

10 

0 

1 

10-0 

0 

10 

10 

0 

1 

KKi 

0 

10 

10 

0 

1 

10-5 

40 ns 

10 

3 

7 

1 

IfKi 

30 ” 

10 

o 

5 

1 

10-5 

20 ” 

10 

t> 

4 

1 

10-5 

14 ” 

10 

i> 

4 

1 

10-5 

10 ” 

10 

4 

3 

1 

10-5 

5 ” 

10 

10 

0 

1 

10-5 

2.5 ” 

10 

9 

1 
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culture was checked. One ml amounts of 
an 18-hour-old broth culture of K. pne?i~ 
moniae, serially diluted in broth, were inject- 
ed intraperitoneally into mice. Usually 5 
to 10 mice were injected with each dilution 
of the culture. At the time each dilution of 
the culture was injected into mice, 1 ml 
portions were made into poured agar plates. 
After 48 hours of incubation at 37°C the 
colonies were counted. Five to 10 bacilli, 
as judged by the poured agar plate count, 
killed over 50% of the mice, whereas 40 to 
50 organisms could be depended upon to 
kill all of the mice. The challenging dose of 
culture was between 100 and 1000 times the 
minimum amount of culture required to kill 
all of the mice. For determining the thera- 
peutic effect of the antibiotic, 100 to 1000 
lethal doses of K. pneumoniae were injected 
intraperitoneally into each mouse, followed 
in a few seconds by an intraperitoneal in- 
jection of the drug. Usually 10 mice were 
injected with each graded dose of the drt^. 
The mice were kept under observation for 
14 days. The heart’s blood of some of the 
animals dying during the course of the ex- 
periment was streaked on agar plates to de- 
termine that death was due to infection with 
K. pneumoniae. 

Results. The results of injecting mice with 
varying dilutions of lavendulin are sum- 
marized in Table I. Intraperitoneal injection 
of 0.5 mg was fatal to all of 10 mice. The 


results of the therapeutic action of lavendulin 
in mice against at least 100 lethal doses of 
K. pneumoniae are summarized in Table II. 


TABLE I. 

Results of Injecting Mice ivitli Varying Doses of 
Lavendulin. 


of 

mice 

Dose of 
lavendulin 



Results 

10 

1 mg 

1 (lied 

!, < 46 hr 



1 

} J 

53 ” 



7 

t J 

< 70 ” 



1 

)} 

70 ” 

10 

0.75 ” 

1 

} ) 

50 ” 



6 

tf 

< 70 ” 



1 

9 } 

< 72 ” 



2 

// 

<104 ” 

10 

0.5 ” 

6 

) t 

< 70 ” 


« 

2 

) > 

<104 ” 



1 

} ) 

<105 ” 



1 

>> 

125 ” 

10 

0.25 ” 

1 

}} 

< 71 ” 



3 

i ) 

<104 ” 



1 

}f 

on 6tli day 



3 alive 

after 14 days* 

10 

0.1 ” 

10 

) > 

” 14 ” t 

10 

75 pg 

10 

>> 

>> 14 ” t 

10 

o 

1 

10 

) > 

” 14 ” ? 


' Wt at time nf injection, 17-18 g. Avg vrt at 
end of e.vper., 16.!) g. 

t Wt .at time of injection, 17-18 g. Avg vt at 
end of e.vper., 19.3 g. 

t Wt at time of injection, 17-18 g. Avg wt at 
end of exper., 20.6 g. ^ 

^ Wt at time of injection, 17-18 g. Avg wt ai. 
end of e.vper., 20.4 g. 


TABLE n. 

Summary of Tests Demonstrating the Proteetive Action of Lavendulin Against K. pneumomat 

in White Mice. 


Dose of culture, 
ml diln 


Dose of 
lavendulin 


No. of mice 
injected 


No. of mice 
djdng 


No. of mice 
surviving 


1 10 -s 

1 10-T 

1 10-0 

1 10 ~' 


2 

0 

0 

0 


10-^i 

200 

lO-l 

100 

10-". 

50 

10-. 

25 

lO-T 

10 

10-3 

5 


10 

10 

10 

10 

10 

10 


0 

0 

0 

1* 

2t 

7t 


10 

10 

10 

9 

8 

3 


of the ^^rimcnt. No K. imeitmoniac in culture from the heart’s 

hlood^ ^ 3,,^ jgys of the experiment. One mouse autopsied and S. pneumoniae 

cultivated from the the heart’s blood of each of 3 mice autopsied. 

iK, pneumoniae cultivateu i 


Capillary Fragility Following Irr.adlatiox 


scDtially normal. The spleens were reduced 
in size and the capsule was thickened by 
iibrous tissue growth. 

These obser\-ations indicated that the liver 
was e.Ntensively damaged by the substances 
injected but regenerated more or less com- 
pletely by the end of 2 weeks. Actinorubm 
also caused tubular damage in the kidneys 
and largely destroyed the lymphoid elements 
of the thymus. Lj-mphoid tissues of the 
spleen did not appear to have been damaged. 
Fibrosis of the splenic capsule may be at- 
tributed to the intraperitoneal injection of 
the material. .-Although the mice which re- 
ceived actinorubin showed the more extensive 
pathological changes, it must be borne in 
mind that, on a weight basis, these mice re- 
ceived three times more drug than the mice 
which received lavendulin. 


33 i 

Sumviary. The toxic doses (LDjoo) of 
actinorubin and lavendulin have been deter- 
mined for white mice by intraperitoneal in- 
jection. In the case of lavendulin it was 
0.5 mg, while in the case of actinorubin it 
was 1,37 mg. The ability of the antibiotics 
to protect mice from death following the 
intraperitoneal injection ot 100 to 1000 
M.L.D. of K. pneumoniae was determined. 
In the case of lavendulin this therapeutic 
dose was 25 iip. and in the case of actinorubin 
it was found to be 13.7 jig in one experiment. 
In a second e.xperiment 0.6S mg of actino- 
rubin killed 50^ of the mice while 30 {ig 
protected 50^ of the mice against 100 lethal 
doses of K. pneumoniae. Further testing of 
the 2 antibiotics has not been possible due 
to the limited supplies of the substances. 


15783 

Production of Increased Capillary Fragility' in Rats Following Irradiation.* 


J. Q. Grifbith, Jr.,* Eleanor .\nthony. E. P. Pendergeass. .and R. PERRi’XLAN. 


FroM the Soiiiiette FoumJaiioii. the CliMc iJiiJ the DfjnjrtiiUii/ vf of the 

of the ruirersit;/ of 


In the course of a clinical study of in- 
creased capillarj- fragility, it became desira- 
ble to develop a corresponding study in an 
experimental animal. method for measur- 
ing the increase in fragility was needed as 
well as a means for producing increased 
fragility. Hundreds of unsuccessful experi- 
ments were conducted in rats and guinea 
pigs before the problem was satisfactorily 
solved. Onl}' the successful method, how- 
ever, will be described, 

llcthod jor measuring capUlary jragility 
in rats. Under general anesthesia the peri- 

The work dese-riLed in this jinper wns done in 
yjart under a eoiuraei. rivoinmendi-d br the Com- 
taittee on Medical Ecsearcli. between the OSee of 
Sciearicc Se-eaich and Development and the 
Trustees of the ITniversirv of PenusTlvaaia. More 
recently it has been continued as a project of the 
Army Itesearcli and DeTelopaicnt Board, 
i -Atwater Kent Fellow in Medicine. 


toneal caviu' is op>ened by a long midline 
longitudinal incision, care being taken to ex- 
en no traction on the peritoneum. The ab- 
dominal wall is carefully folded back until 
an artery and vein are disclosed. Then, un- 
der a good light, the peritoneum is grasjied 
on each side of the vessels and stretched be- 
tween the fingers so that the lumen of the 
vein is obliterated but the arteiy can still 
be seen pulsating. The tension is maintained 
for 2 minutes after which it is relaxed. The 
peritoneal area supplied by the vessels is 
carefully inspected and, if the fragility is 
increased, one or more petechia will appear 
distal to the point of venous obstruction, 
usually entirely separate from any A'isible 
A'essel. .Actually, in a positive case, 6 or S 
such hemorrhages usually occur. If desired, 
the process can be repeated in the same ani- 
mal, using other vessels. Xo petechial hemor- 
rhages occur in the normal animal. 
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an intraperitoneal injection of i.37 mg. The 
results of one test (on April 13) on the 
therapeutic action of actinorubin in mice 
against 100 to 1000 lethal doses of K. pneu- 
moniae are summarized in Table IV. All 
of 5 mice were protected from death by 
13.7 {xg of actinorubin. The ratio of the 
therapeutic dose to the toxic dose of actino- 
rubin in this experiment was of the order of 
1:100, No e.-tplanation is offered of the fact 
that 2 out of the 3 mice, which received a 
dose of culture estimated to be in excess of 
100 lethal doses of K. pneumoniae, failed to 
die. 

Repeating the experiment in part, using 
100 lethal doses of K. pneumoniae, gave less 
protection than in the previous test. Com- 
paring the dose of 30 /ig of actinorubin 
which protected 50% of the mice against 100 
lethal doses of culture with 680 jig which 
killed 50% of the animals gives a ratio of 
1:22. Practically the same ratio was ob- 
tained using LD,-,o as calculated by the meth- 
od of Reed and Muench.'* The effects of 
aging and repeated freezing and thawing 
of the solutions of actinorubin were not de- 
termined. 

Since actinorubin appeared more active in 
vivo against K. pneumoniae than lavendulin, 

2 preliminary tests were made to determine 
rate of absorption following intraperitoneal 
or oral administration. Each of 8 mice were 
injected intraperitoneally with 1.3 mg of 
actinorubin. This would ordinarily inhibit 
the growth of E. coli in Bacto-nutrient broth, 
pH 7.3, in a dilution of about 1:6875. After 
varying intervals of time one of the mice was 
anesthetized with diethyl ether and bled from 
the axilla according to the technic described 
by Kuhn.’ Fifteen minutes after the intra- 
peritoneal injection, the blood of a mouse 
inhibited £. coli in a dilution of 1:320; after 
30 minutes, the blood of another mouse in- 
hibited in a dilution of 1:160. After 75 
minutes the blood of another mouse inhibited 
the test organism in a dilution of 1:10. No 
actinorubin was detected in a 1:10 dilution 
of blood samples taken from mice at 2-, 3-, 

4-, 5- and 6-hour intervals. ^ 

Science, 1940 , 03 , 504 . 


Seven mice were each given 3.43 mg of 
actinorubin in 0.25 ml stoniach tube. No 
actinorubin was detectable in the blood when 
tested after /4, 1, 2, 3, 4, and 5 hours, 
one animal being sacrificed at each period. 

Pathological Changes.^ Mice which sur- 
vived the larger test injections of lavendulin 
and actinorubin (Tables I and III) failed to 
gain weight or even lost weight during the 
2 weeks of observations. Postmortem e.vam- 
ination of 6 mice 16 days after the intraperi- 
toneal injection of each with 0.75 ing of ac- 
tinorubin revealed the following abnormali- 
ties: Body weights varied from 13.4 to 19.7 g 
(normal weight for the same lot and age was 
31 g). The livers were irregularly distorted 
with a reduction in the number of lobes or 
fusion of the lobes to form a rather solid mass 
which often completely enclosed the gall blad- 
der. Xlicroscopic examination revealed eosino- 
philic, necrotic foci in some livers of the 
animals but in all fibrous tissue stroma was 
irregularly increased and the lobules often 
were more or less distorted. .-Y true cirrhosis 
was not developed, how-ever. The kidneys 
were enlarged and of a pale, dull brown color. 
In all of the animals the convoluted tubules 
were dilated and lined by flattened epithelial 
cells, whereas the glomeruli were lined by 
columnar ceils. The dilated tubules in 4 
animals contained dense eosinophilic casts. 
In each of the 6 animals the thymus w'as re- 
duced more or less but in 4 of the animals 
little remained but reticulum and epithelial 
elements. The other viscera were unchanged. 

Five mice which survived 0.25 mg of 
lavendulin were sacrificed 15 days after the 
intraperitoneal injection of the drug. Body 
weights varied from 12.9 to 19.9 g (normal 
weight for the same lot and age was 31 g). 
The livers were distorted to a le.sser degree 
than in the group which received actinorubin 
although the abnormalities were of the same 
t3TJe. The kidneys were unchanged. The 
thymus in 3 of the animals appeared reduced 
in size but microscopic sections were es- 

t We .are indebted to Dr. Herbert R.itciiffe, De- 
p.irtmoiit of P.itlio]ogy, Hriiversity of Poniisj-lv.iiii:i, 
Scliool of Hodiciiie, for tlie o.xaDJinatiou of some 
of the test animals. 
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0-5 

6-iO 

ii-15 

16-20 

21-25 

26-30 

31 

-35 

END 


DAYS 
Fig. 1. 

All rats wore given irradiation to one foot, *2385 r in a single exposure. Closed circles rep- 
resent animals treated with rutin, while open circles represent untreated animals. For other 
details, see text. 


difference between the treated and untreated 
groups. There is no significant difference 
between the 2 groups in the time of onset 
of the reaction, averaging the 10th day for 
the control group and the Ilth day for the 
rutin-treated group (Fig. 1). In this chart 
each animal is listed once for each 4-day 
period, appearing in the lower rectangle if 
the treated and untreated foot were indis- 
tinguishable, and in the upper if a definite 
reaction were present. It is apparent that, 


from the 21st to the 25th day 12 of the 
animak receiving rutin returned to normal 
and only one of the control group. At the 
time of termination of the experiment, after 
the 35th day, only 2 of the treated animak 
still showed an abnormal foot, while 11 of 
the control group were still abnormal. 

Conclusion. Under the conditions of the 
e.xperiment, rutin appeared to hasten the re- 
covery time after irradiation. 
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Method for producing increased capillary 
fragility in rats. A substance capable of 
emitting alpha radiation is introduced info 
the peritoneal cavity of normal rats. The 
substance used was commercial radon oint- 
ment, 500 E.S.U., (200 microcuries 1 cc)* 
prepared in either lanolin (15 animals) or 
olive oil (5 animals). Radon ointment con- 
tains small amounts of radon gas. Ninety 
per cent of the radiation is composed of al- 
pha particles while the remainder consists 
of beta and gamma particles, .^.mounts used 
were 0.5 cc (2 animals), I.O cc (16 ani- 
mals) and 1.5 cc (2 animals). When the 

t Dosage as estim.itcd bj- maimf.ietmer. 


olive oil preparation was used, the material 
was simply injected through a needle, while 
with the lanolin a small incision had to he 
made. No attempt was made to remove any 
of the material subsequently. Fragility was 
tested 1 to 8 weeks after the peritoneal in- 
jection. In ever,v animal fragility was 
markedly increased. 

Controls consisted of 5 animals injected 
with lanolin, 5 injected with olive oil, and 
10 entirely untreated animals. None showed 
any petechia during the test. 

Conclusion. Exposure of the peritoneal 
cavity of the rat to irradiation in e.vcessive 
amount will produce an increase in capillary 
fragility. 
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Effect of Rutin on Recovery Time from Radiation Injury in Rats.® 

J. Q. Griffith, Jr.,! Eleanor .Anthony, E. P. Pendergrass, and R. Perryman. 
From the Fohinette Fouiulation, the ZIetlieal Clinic and the Department of Sadioloop of tin 
Hospital of the University of Pennsylvania. 


Rutin, a flavonol glucoside derived from 
various plants including buckwheat, has been 
shown by Griffith, Lindauer and Couch^ to 
decrease capillary fragility in man, when that 
fragility was originally increased. One of 
the effects of e.vcessive radiation appears to 
be an increase in capillary fragility.- There- 

* Tile work described in tliis paper was done in 
part under .a contract, recommended by the Com- 
mittee on Medical Hesearcii, between tiie Office of 
Scientific Itescaroli and Development .and the Trus- 
tees of tlie University of Pennsyiv.ania, More 
recently it has been continued as a project of the 
Army Heseareh and Deveiopmeiit Board. .Abbott 
Laboratories, Chicago, Hi., provided tlie Butin, 
and, by a grant, aided the study. 

t .Atwater Kent Fellow in Alodicine. 

1 Griffith, J. Q., Jr., Couch, J. F., and Lindauer, 
M. A., Proc. Soc. E.vp. Biod. -\sd Med., 19 H , 
3S, 228. 

2 Griffitli, J. Q., Jr., Anthony, E. M., Pendergrass, 
E. P., and Perryman, E., Pboc. Soc. Exp. Biol. 
A.VD Med., IDit , 6-i, 331. 


fore, an e.xperiment was planned to discover 
ivhether rutin might have a favorable ef- 
fect on radiation reaction. 

Method. All animals were given radia- 
tion to one leg, 2385 r, in a single dose, 
using 200 KV, 15 ma., mm cu. -j- 1 mm 
al filter, 26 cm skin target distance. -At 
the same time half the animals were given 
a pellet containing 20 mg of rutin, implanted 
along the lateral aspect of the abdominal 
wall, and this was repeated thereafter every 
third day, for a period of 36 days. The 
remaining animals were not given rutin, -At 
the end of the e.vperiraental period 23 rutin- 
treated animals and 26 untreated controls 
survived. .Animals were e.xamined every 
fourth day and the e.vtent of the reaction 
noted. The observed reaction consisted of 
an erythema, a moderate swelling and, in 
some cases, u/ceration. 

Results. The e.vtent of the initial reaction 
is not charted, as there was no significant 
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Kic. 1. 

Dotaclu'd and rounded iibroblasts in cultures treated 
leriods from lo minutes to 1 bour. tiiems!> 's stain. 


the resting cell. 

-As far as can be judged from the illustra- 
tions in the paper of Gavrilov and von 
Bistram,^ it is possible that these authors 

I G.avrilov, AY., and von Bistram, D., Hull. .Is.ni. 
franc, p. I’ctutlc iht cancer, 1939, 28, 319. 

SLudford, K. J., Jrcli. f. c.rp. Zdi/or.scliy., 193ti, 
IS, 411. 


with lO-o At eolehieine solution for 

.\. X son. B. X ISI'O. t\ X l-O. 

have observed in tissue cultures treated with 
colchicine, the phenomenon described by us. 
Lttdford’’ has noted that resting cells under 
the influence of weak solutions of colchicine 
tend to become less spread out and more 
rounded. 

Summary. Chick embryo heart fibroblasts 
cultured in vitro, when immersed in colchicine 
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Effect of Colchicine on Resting Cells in Tissue Cultures. 

B. Miszurski and L. Doljanski. (Introduced by L. Olitzki.) 

From the Department of Experimental Pathology (Cancer Lahoratorics), The Eehrew Univer- 
sity, Jerusalem, Palestine. 


During our investigations on the effects of 
colchicine on cells growing hi vitro we found 
that this drug, in addition to its action on 
the division rnechanism of cells, also has a 
definite effect on the cytoplasm of resting 
cells. 

The design of the experiments was as fol- 
lows: Forty-eight-hour-old hanging drop 

cultures of chick embryo heart fibroblasts 
were immersed in a 10“‘ or M solution 
of colchicine in Ringer. The effect of colchi- 
cine was studied from the start of the e.v- 
periment up to a period of 8 hours in the 
living state on the warm stage, and in prep- 
arations fi.xed in Carnoy’s fluid and stained 
f« ioto with Giemsa’s stain. In another 
series of e.xperiments the colonies of fibro- 
blasts were cultured for 24-48 hours in media 
containing similar concentrations of colchi- 
cine and were e-xamined in the living state, 
as well as after fixation and staining. 

In a culture of fibroblasts immersed in a 
colchicine solution of one of the above con- 
centrations, it can be ascertained that, after 
5-15 minutes the surfaces of the individual 
cells forming the zone of outgrowth display 
an extraordinary activity. The cell processes 
which connect neighboring cells or extend 
into the medium are withdrawn and the cells 
become independent of each other. Such a 
detached cell sends out pseudopodia in all 
directions; these pseudopodia are in constant 
motion, being rapidly projected and retract- 
ed. This motion is so rapid and so violent, 
that the peripheral portions of pseudopodia 
are often torn off. The cells tend to assume 
a polygonal or spherical shape and their cyto- 
plasrn becomes increasingly basophilic. The 
superficial cell layers remain active for many 
hours, short, broad, bleb-like pseudopodia, 
appearing and disappearing with great rapidi- 
ty from all sides of the cell body. This 
picture closely resembles the behavior of the 


cytoplasm of dividing ceils during anaphase 
and telophase. Often the cells become de- 
tached not singly, but as small groups of 2, 
3 or more. They remain together as a small 
clump and this unit shows at its periphery all 
the phenomena described for the surface of 
the individual cells (Fig. 1, A and B). 

The cell colony treated with colchicine 
soon loses its regular texture and is com- 
posed not of radially arranged spindle cells 
but of separated single cells and small cell 
conglomerates (Fig. 1, C), The process of 
disruption of the texture of the culture is 
initiated at the periphery and spreads 
towards the center. Usually within an hour 
the whole cell colony looks as if it were torn 
to shreds. 

^lost of the loosened and rounded fibro- 
blasts do not show any signs of degenera- 
tion during the period of observation and 
the structure of the resting nuclei remains 
completely unaltered. Only occasionally 
there is a moderate hydropic vacuolization 
of the cytoplasm. Even prolonged treatment 
with colchicine in the above mentioned con- 
centrations has no lethal effect on the cells. 
Cell colonies cultured for 48 hours in me- 
dium containing a colchicine solution lO"* 
M show an abundant outgrowth after being 
transferred to normal medium. 

The view has often been e.xpressed^^ that 
the essential point in the action of colchicine 
on the mitotic process is the suppression of 
the gelation of the spindle. Our observa- 
tions suggest that colchicine is able to affect 
not only the spindle substance but also the 
sol-gel equilibrium of the cortical layer in 


I Beams, 11. V,'., .-md Evans, T. C'., Biot. Bull., 
1940, 70, 188. 

^ Ludford, R. J., J. .Xiil. fiinc. Iihsl., 1945, 0, 89. 
a Williiir, K. At., f’KOr. .'Soo. Exp. Biot,. .tXD 
JlEB., 1940, 45, 696. 
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Fir,. 1. 

Detached and rounded fihiobla!,ts in cultures treated with 10-5 M colchicine solution for 
periods from 1.1 minutes to 1 hour. IJieinsa ’s stain. A, X SOU. D. X ISUO. C, X 1-0. 


the resting cell. 

As far as can be judged from the illustra- 
tions in the paper of Gavrilov and von 
Bistram,^ it is possible that these authors 

I Gavrilov, IV., and von Distrain, D., IJiill. Jssii. 
franc, p. I’ituile dii cancer, 1939, 28, 319. 

oLudford, E. .1., Arch. f. exp. /CcUfor.srhg., 193n, 
18, 411. 


have observ'ed in tissue cultures treated with 
colchicine, the phenomenon described bi' us. 
Ludford^ has noted that resting cells under 
the influence of weak solutions of colchicine 
tend to become less spread out and more 
rounded. 

Summary. Chick embryo heart fibroblasts 
cultured in vitro, when immersed in colchicine 
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solutions KH or 10"® M, show a tendency to 
assume a spherical shape. Their surfaces 
display a considerable' activity as- manifested 
by rapid protrusion and withdrawal of 
pseudopodia. Subsequently the zone of out- 


growth of the culture splits up into detached 
elements, comprising one or more cells. This 
whole' process is -not' lethal to. the cells and 
is, to a great extent, reversible. 
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Production of Polycythemia in Rabbits by Anoxia and Cobalt.* 


Joseph Goodman (with the technical assistance of Byron Howells.) 
(Introduced by D. R. Drury.) 

I'roni the Department of Avintion MeiJicine^ L niverAtp of SoutJieni Cottfornio, hos Anffclcu. 

Calif. 


A need for polycythemic rabbits as e.xperi- 
mental animals led to the consideration of 
methods of producing the state of polycy- 
themia in this species. There are at least 
2 experimental methods for inducing this 
condition. The older and better known of 
these is the response to anoxia induced by 
high altitude; another is the administration 
of cobalt salts. 

Although the stimulating effect of lowered 
oxygen tension is well known and has been 
extensively studied, its mechanism is not 
as yet clearly understood. The effect has 
been noted in many animals other than man.^ 
These include monkeys,- dogs;' rats" and 
rabbits.""® 

Armstrong and Heim'*'" reported on the 
exposure of young male rabbits for 4 hours 
daily 5 days a week to pressures equivalent 
to 18,000 feet. In addition to this treat- 
ment the animals were subjected to an alti- 

* This work w.as supported in part by the OSBD 
and in part by tlie IT. S. Army Air Force, Air 
Material Command, lYright Field, Dayton. Ohio. 

1 JIcFarland, R. A., J. Comp. PJn/.iioI.. 1937, 
23, 244. 

— Jasper, H. H., Caitaditiit National Ticscarclt 
Council, Ottawa, 1942. 

a Thorn, 6. IV., Jones, D. F., Denis, It. A., 
Mitchell, E. E., and Koeff, G. F., -lai. J. Physiol., 
1942, 13T, 606. 

4 Armstrong, H. G., and Heim, J. IV., J. Aviation 

Jleil., 1938, 0, 45. 

Jhh/., 1938, 9, 92. 


tude tolerance test on the 7th day. This 
tolerance test involved rapid decompression 
to the point where the animals became un- 
conscious. The equivalent altitude attained 
was noted and the animal immediately re- 
turned to ground level. In the 3rd week of 
their experiment a deterioration set in and 
the hemoglobin and hematocrit levels depre- 
ciated to lower than the original values. They 
concluded that rabbits were quite unsatis- 
factory for this work. 

Later Thorn, Jones, Lewis, Mitchell and 
Koepf" conducted a series of e.\'periments in 
which they e.xposed rabbits to pressures 
equivalent to 18,000 and 25,000 feet for 4 
hours a day 7 days a week. The 18,000- 
foot animals were continued for S weeks where- 
as the 25,000-foot e.xperiment was discon- 
tinued at the end of 3 weeks because of ex- 
cessive fatalities. Those exposed to 18,000 
feet showed a temporary delay in growth, 
together with a slight drop in the concentra- 
tion of serum, sodium chloride and CO 2 com- 
bining power and a decrease in the weight 
of the thymus gland. These changes were 
accompanied by an increase in O 2 capacity 
of the blood, in the hematocrit values and 
in the adrenal gland weight. Seventy-five 
percent of those e.xposed to 25,000 feet died 
of hemorrhage into the lungs and/or hernia- 
tion of distended loops of the intestines into 
the thoracic cavity. There were no fatalities 
in the 18,000-foot group, nor was there evi- 
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deuce of degeneration in the hemopoietic 
system. 

It may be noted that little is known of 
the mechanism or the optimum conditions 
for producing polyc\’themia by this method. 

.•Vnother technic for producing polycy- 
themia, whose mechanism is however even 
less clearly understood, was reported by 
Waltner and Waltner.*' They induced poly- 
cythemia b\' the administration of cobalt. 
This method has been used on several species 
but was found to be slow and sometimes ac- 
companied by to.vic symptoms. Frost et al.‘ 
produced a temporary' polycythemia in adult 
dogs by including cobalt in the food. How- 
ever. they found this toxic to young growing 
dogs. On the other hand Stanley, Hopps 
and Hellbaum'’ reported the development of 
polycythemia in rats by a subcutaneous in- 
jection without unfavorable symiptoms. 

Methods. It was decided to study the pos- 
sibilities of both the above mentioned tech- 
nics for producing experimental polycythemia. 
The routine of the cobalt injections was pat- 
terned after that employed by Stanley' et al.'' 
The exposure time at altitude was materially 
increased above the time used by previous 
workers, but remained intermittent. This 
allowed the animals some time for recupera- 
tion under more nearly optimum living con- 
ditions at sea level. .Altitude and cobalt 
stimuli were tried separately and together 
on immature male rabbits. Twelve animals, 
averaging 3j4 lb. were divided into 4 groups 
of 3 rabbits each. Group I served as con- 
trols remaining at sea level pressures and 
without cobalt injections. Group II was sub- 
jected to an ambient pressure equivalent to 
an altitude of 20,000 feet, 16 hours a day, 
5 days a week. Group III was injected sub- 
cutaneously with 1 ml of sterile cobalt solu- 
tion per pay 6 days a week, but remained 
at ground level (300 feet above sea level). 

W:iltin'r, K., and Waltner, K., KJiii. TTehiiAchr., 
1929, 8, 313. 

T Frost. I). V., Spitzen, E. It., Elvehjem, C. A., 
and H.irt, E. B., Aai. J. PIiyAiol.^ 1941. 1*14, 74ti. 

-- Stanley, .\. .1., Hopps, H. C.. and Hellbaum, 

.1., I’p.oc. Soc. Exp. Biol, axd Med.. 1946, 
Cl, 130. 


Group I\’ was injected subcutaneously with 
1 ml of cobalt solution per day' 6 days a 
week and was subjected to a pressure equiva- 
lent to 20,000-foot altitude 16 hours a day' 
5 days a week. The cobalt solution con- 
sisted of 10 mg CoCl2:6H20 per cc made 
up to isotonicity with XaCl. This was in- 
jected subcutaneously into a shaved area 
of the back and shoulders. The altitude was 
simulated in a decompression chamber. The 
altitude animals rested at ground levels (300 
feet) each day for S hours and over Satur- 
day' and Sunday night, a period of 56 hours. 
The altitude ‘‘flights'’ were continued for 
10 weeks. This was followed by a 2'/^-week 
ground level observation period. 

The animals were weighed and sampled 
twice a week, on Alondays at the end of 
the 56-hQur sea level resting period and on 
Thursdays after 3 of the 5 successive night 
flights of 16 hours. The blood samples were 
taken from the marginal ear vein. Hemo- 
globin was determined by the acid hematin 
method with a Klett Summerson colorimeter. 
Hematocrit values were measured in Wintrobe 
tubes. Plasma volume was determined by' 
the dye method using T-1S24.® The plasma 
volume was measured only 4 times during 
the course of the entire e.xperiment. These 
were, first during the prestimulus period, 
next after 3 weeks of e.xposure to altitude 
and or cobalt, then after 10 weeks of stimuli 
and lastly at the end of the poststimuli ob- 
servation period. The dye determination 
technic consisted of the injection of a weighed 
amount of a 1^ dye solution in isotonic 
saline. .After S minutes a blood sample was 
taken, using 1.6^0 sodium oxalate solution 
as an anticoagulant. The blood sample-oxa- 
late ratio was determined in each case by- 
weighing and the ratio used to correct the 
readings obtained. The intensity of the blue 
color in the plasma was measured on a 
Beckman quartz spectrophotometer, using the 
620 mfi absorption band. 

Results. The groups of animals employed 
were too small to permit satisfactory- statis- 
tical analysis. However, the response to the 

Price, Pliillip B., ,Tiid Longmoir, WilUDiu P., 
John.* IIoi.ii. Bull., 1942, 71, .51. 
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FIGURE I SEA LEVEL CONTROL 

Weight, liematoerit, and licmoglobin averages of the control rabbits. 


stimuli was definite and conclusively dem- persisted as long as the stimulus was applied, 
onstrates the possibility of producing poly- The decrease in hemoglobin and hematocrit 
cythemia in this species without deteriora- from 25th to 3Sth day coincided with a similar 
tion. depression in the control group and a period 

Fig. 1 shows the average of the weight, of high summer heat. It is to be noted that, 
hemoglobin and hematocrit values of the con- during the control period following the alti- 
trol group. (Only 2 animals are reported in tude exposure the hemoglobin and hematocrit 
this group. One was stolen on the second values returned rapidly toward the normal 
week of the e.xperiment.) levels. 

The response to altitude alone is shown One of the cobalt-injected, ground level 
in Fig. 2. Each parameter represents the group, died apparently from the toxic effects 
average value for 3 animals. (No fatalities), of the cobalt combined with severe anore.xia. 
The e.\'posure to altitude prompted a decrease The data in Fig. 3 represent the average of 
in weight, followed by a period of slow re- the values obtained from the 2 remaining 
covery with a final resumption of a growth animals, The weight cun'e generally follows 
rate equivalent to that of the controls. Hemo- that of the controls. The hemoglobin value 
wlobin and hematocrit values both showed a dropped slightly when the injection started, 
rapid increase during the weekend resting followed by a gradual increase for the period 
period after the first e.xposures to altitude, of the injections, but did not attain values 
This sloped off; first into a period of little comparable to those in the animals subjected 
change and then into a gradual climb which to altitude. The return to normal after in- 


Production of Polycythejiia by Axoxia and Cobalt 


339 



FIGURE 2 EFFECT OF ALTITUDE 


■\VeiglJt, hematocrit, and hemoglobin averages of rabbits having Iiad ten weeks of inter- 
mittent altitude exposure. 


jections were stopped, was slower than that 
found with the altitude rabbits. 

Two of the 3 animals receiving combined 
altitude and cobalt treatment died; one ap- 
parently from the toxic effects of the cobalt, 
the other from the combination of to.vic ef- 
fects and peritonitis. Sterile abscesses de- 
veloped on all 6 animals receiving cobalt in- 
jections at or near the site of the injection. 
The larger of these were opened and drained; 
however, no infections developed in these 
areas. The curves for the one surviving 
altitude and cobalt animal are shown in 
Fig. 4. The\' closely resemble those found 
in the Group II or altitude only animals, with 
the exception of the absence of the depres- 
sion of hemoglobin and hematocrit values 
from 25th to 35th day. This may be due to 
individual variation. The differences are not 
sufficient to indicate that the 2 stimuli are 


additive in producing polycythemia. How- 
ever, a more prolonged experiment might 
show this to be true. 

The plasma volume and whole blood vol- 
ume data are given in Table I, as the average 
of each group in per cent increase above the 
prestimulus period. In this manner each ani- 
mal is compared to himself at the start of 
the e.vperiment, and as all the animals were 
still growing all values are positive. The sig- 
nificance can then be shown by comparing 
the various groups to the control group. The 
whole blood volume values were obtained 
from the plasma volume and the correspond- 
ing hematocrit value. 

The values in parentheses show the per cent 
change found during each period (x.e. the 
increase or decrease in percentage of each 
period as compared with that of the preced- 
ing period). From this one can more easily 
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FIGURE 3 EFFECT OF COBALT 

Vi I'ight, ht'jnntot’i'if, ,nul Jifiiiog'lobiii :iver:igos of r.ibbits given daily enbalt iii,ieefioiij). 


follow the progressive changes at each period 
of the experiment. 

After 3 weeks of stimuli (Table I, Column 
4) there was no significant increase in whole 
blood volume above that of the controls. 
However, the hematocrits of those exposed 
to altitude showed an increased 45%> in red 
cell volume at the expense of the normal in- 
crease in plasma volume. The animals ex- 
posed to altitude shoived almost no change 
in plasma volume (3^c as compared to 50%> 
for the controls, Table I, Column 1). 

During the ensuing 7 iveeks of e.xposure 
to stimuli, the increase of plasma volume in 
the e.xperimental animals was comparable to 
the increase in the controls (from 22.5% 
increase to 32.1% increase). At the same 
time the increase in the whole blood volume 
of the altitude animals (66% and 68%.) was 
more than double the increase of the con- 
trols (24.2%). This suggests that the de- 
velopment of polycythemia may have 2 
phases or processes; an initial immediate and 


rapid one involving an increase in the cellular 
phase at the expense of the plasma volume 
and a second more gradual step during which 
the plasma volume increases at a normal rate 
together with a further increase in the red 
ceil volume. 

The changes occurring after removal of 
the .stimuli are for the most part in the red 
cell component of the blood. The plasma 
volume of the altitude animals increased 
above that of the controls and there is a large 
drop in the total blood volume. The be- 
havior of the altitude plus cobalt animals 
was similar to that of the controls as far as 
the plasma volume changes were concerned 
but there was a large drop in whole blood 
volume. 

Even after 10 weeks of cobalt injections 
Group III did not have a greater whole blood 
volume than that of the controls. However, 
they showed only a moderate polycythemia 
which was attained at the e.xpense of the 
plasma volume. Yet after the stimulus had 
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FIGURE 4 EFFECT OF COBALT AND ALTITUDE 

Weiglit, hematocrit, and licmoglobiu values of rabbit surviviug tea weeks of intermittcut 
altitude and cobalt. 


TABLE I. 

Percent Increase Above the Pve exjierimental Value. 

Plasma volume Whole blood volume 



After 3 
weeks of 
stimulus 

10 wks Ot’ ‘2* -; wks. of 
stimulus nvovi-ry 

After 3 
wks of 
stimulus 

10 wks of 
stimulus 

' 2^-2 ^’^ks of 
recover}' 

Column No. 

1 

2 3 

4 

3 

G 

Control 

-t- 

+ 7-2.o^,i -T-SO.ori 

+ 39.0^ 

4" 03.S^c 

+ 74.5Vr 



(+22.5)* ( + 13.5) 


(-h24.2) 

(+10.7) 

Colmlt .md altitude 

+ 3.3 

+2S'.li +33.0 

+40.4 

-^107.0 

+60.0 



(+24.7) (+ 5.0) 


(-fOO.O) 

( — 47.0 1 

Altitude 

-F 2.15 

+34.7 +.57.7 

+33.7 

>fl02.2 

+09.3 



(+32.1) (+23.0) 


( -pOS.o) 

(—32.9) 

Cobalt 

-j-12.3 


+26.0 

“T 03.3 

+40.0 



(— 7.0, 



(—23.3) 


' Values in parentheses show the changes in pereent increase above the values of the i)rcvious 
period. 


been stopped, there was a decrease in plasma 
volume as well as total red cell volume. 

This either indicates that the development 
of cobalt and altitude polycythemia involves 
different mechanisms of response, or that the 
cobalt animals at 10 weeks had only de- 


veloped to a stage comparable to the first 
3 weeks of altitude exposure. 

Conclusion. Polycythemia can be rapidly 
induced in rabbits by exposure to altitudes 
of 20,000 feet 16 hours a day, 5 days a week. 
It would appear that there is no additive 
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effect when cobalt injections are combined 
with the altitude exposure. 

There may be 2 stages in the development 
of polycythemia. The first phase is char- 
acterized by a normal whole blood volume 
with a subnormal plasma volume. The sec- 
ond phase shows a normal rate of increase 


in plasma volume with a further increase in 
whole blood volume. 

Subcutaneous cobalt injections slowly in- 
duce polycythemia in rabbits hut they ate 
accompanied by anorexia, sterile abscesses 
and other symptoms of toxic effects. 
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Effect of Streptomycin on Growth of Rickettsiae in Eggs. 
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Fi'oui the Itohovotofies of the luteniatioHol JJcotth Division, Itoehef cllcv foiindotion and the 
United States of America Typhus Commission, TTar Department, TFashinyton, D.C. 


In experimental infections, rickettsiae have 
been shown to be susceptible to the action of 
penicillin^ as well as to other therapeutic 
agents.--® In view of the increasing availability 
of streptomycin, it was of interest to deter- 
mine its effect on the growth of representative 
pathogenic rickettsiae. Using the yolk sac tech- 
nic of Cox/ the action of streptomycin on 
the growth of the rickettsiae of the Wilming- 
ton strain of murine typhus, the Breinl 
strain of epidemic typhus and the Karp strain 
of tsutsugamushi disease in embryonated 
eggs was studied and compared with the ac- 
tion of />-aminobenzoic acid (PABA). 

Methods. Streptomycin dissolved in 0,85% 
saline was sterilized by filtration through a 
Seitz filter previously washed with distilled 

1 GreifE, D., anil Pinkerton, H., Proc. SoC. Esp. 
Biol, .tun JXed., IQH, 33, 116. 

2 Snyder, J. C., ll.iier, J., and Anderson, C. B., 
Beport to tlie Dirision of Jledical Sciences, Na- 
tional Besearch Council, Washington, D.C., Dec. 
26, lOdS, 

3 Greiff, D., Pinkerton, H,, and Moragues, V., 
J. Exp. Med., 1914, SO, 561. 

i Hamilton, H. L., Plotz, H., and Smadel, J. E., 
Proc. Soc. Exp. Biol, .vjto Med., 1945, 5S, 255. 

3 Hamilton, H. L., Psoc. Soc. Exp. Biol, and 
Meo., 1945, 50, 220. 

0 Smadel, J. E., Snyder, J. C., Jackson, E. B., 
Eos, J. P., and Hamilton, S. E., (Abstract), Fed. 
Proc., 1946, 5, 254. 

t Cox, H. B,, Puh. Jlcalth Pep., 1938, 33, ^241. 


water. .A sterile solution of PABA in buf- 
fered saline was also prepared. The con- 
centration of these 2 solutions was so ad- 
justed that the dosage employed was con- 
tained in 0.4 ml, which was inoculated into 
the yolk sac of 7-day-old embryonated eggs. 
The same volume of sterile buffered saline 
was inoculated into control eggs. Two hours 
later, both treated and control eggs were 
inoculated by the same route with a suspen- 
sion of yolk sacs infected with the Breinl 
strain of Rickettsia prowazeki or the Wilming- 
ton strain of R. mooseri or the Karp strain 
of R. orientalis. The infective suspensions 
had been previously titrated in eggs; a dilu- 
tion was selected which just permitted the 
survival of a majority of the embryos for 
7 days. Uninfected control eggs received in- 
jections of the same amounts of streptomy- 
cin as a check on its toxicity. The activity 
of the streptomycin was checked by testing 
dilutions of the stock solution against a 
susceptible strain of Escherichia coli. Some 
of the eggs received a second injection of 
streptomycin 72 hours later. 

The eggs were incubated at 35 °C for 7 
days and candled daily; the dead eggs were 
discarded. Deaths occurring before the 3rd 
day were considered to be nonspecific and 
were disregarded. On the 7th day of in- 
cubation, the yolk sacs from all survivors 
in each group were harvested, divided into 
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2 lots each containing 3 to 7 sacs, and shaken, 
in bottles with glass beads and an appro- 
priate amount of sterile diluent (nutrient 
broth for R. prowazeki and R. mooseri and 
skim milk for R. orienlalh) to make a SOfo 
suspension and stored in sealed glass ampoules 
in a carbon dioxide cabinet. 

Subsequently these yolk sac .suspensions 
were thawed, lightly centrifuged, and diluted 
in broth or skim milk for injection into ani- 
mals. The serial 10-fold dilutions of yolk 
sacs infected with the Breinl strain of R. 
prowazeki were inoculated intraperitoneally 
into 4 cotton rats for each dilution. Three 
weeks later, all of these rats were tested for 
immunity, by the intracardial inoculation of 
approximately 4 “certainly fatal doses” of 
yolk sacs infected with the Breinl strain. 
The 50% immunizing end-point of the treat- 
ed and control yolk sac pools was calculated* 
on the basis of the immunity produced in 
cotton rats in such challenge experiments. 

The yolk sac pools infected with the Wil- 
mington strain of R. mooseri were titrated by 
injecting 0.25 ml of the serial 10-fold dilu- 
tions in nutrient broth into each of the 8 
albino mice, by the intraperitoneal route. 
Three weeks after injection, the surviving 
mice were tested for immunity by the in- 
travenous injection of 0.2 ml of an infected 
yolk sac suspension containing 4 LD50 “to.xic 
doses.” The 50% immunizing end-points of 
the drug-treated and control yolk sac pools 
were calculated on the basis of the number 
of mice surviving 10 days after the challenge. 

Titrations of the yolk sac pools infected 
with the Karp strain of R. orientalis were 
carried out by injecting 0.25 ml of the serial 
10-fold dilutions prepared in skim milk in- 
traperitoneally into albino mice using 8 mice 
per each dilution. The mice were observed 
for 21 days, and the 50% end-points were 
calculated on the basis of the survivors in 
each group of 8 mice. 

For convenience in evaluating results the 
minimal quantity of viable rickettsiae re- 
quired to produce immunity in cotton rats 
{R. prowazeki and R. mooseri) or death in 

IXawioi., H.. Am . J . Bug -. 

1938, 37, A93. 


white mice {R. orientalis) is assumed to be 
one viable organism. It is appreciated that 
the minimal quantity may be more than one 
organism, but for the purpose of comparison 
in these tests, this point is disregarded. 

Results. The data are summarized in Ta- 
ble I. Streptomycin appears to have some 
inhibiting effect on the growth of R. 
prowazeki in embryonated eggs. The “num- 
bers of viable rickettsiae” in eggs infected 
with R. prowazeki and injected with 0.5 mg 
of streptomycin were 10^-* and 10“-^, as 
compared with 10*-* and 10*-® in the control 
eggs.- .\ second injection of 0.5 mg, 72 hours 
after infection did not increase this effect. 
Increasing the amount of streptomycin to 1.0 
and 2.0 mg did not appear to increase 
the inhibitory effect. The mean value of 
the numbers of R. prowazeki in streptomy- 
cin-treated eggs in the 3 e.xperiments (7 
titrations which properly spanned the end- 
points) was 10®-® as compared with the mean 
value of lO*-® attained in control eggs (5 
titrations). The difference is statistically 
significant (Student’s “t” test; P lies be- 
tween 0.05 and 0.02). 

In the case of R. mooseri, the mean value 
for the eggs receiving 2.0 mg of streptomy- 
cin was 10“-® rickettsiae as compared with 
10^ ® for the controls. This difference would 
be e.xpected to occur by chance only once in 
more than 20 times.* These effects are small 
when compared to the striking reduction of 
growth of both R. prowazeki and R. mooseri 
with P.4BA. 

Streptomycin in doses of 2.0 mg per egg 
had no significant effect on the growth of 
R. orientalis in embryonated eggs. This is 
demonstrated by the “numbers of viable 
rickettsiae” in yolk sacs from treated eggs, 
10®-® and lO®-®, as compared with 10® * 
and lO®-® in the untreated controls. These 
results with 2.0 mg of streptomycin are in 
contrast with those obtained with 11 mg of 
P.AB.A which produced a 10,000-fold de- 
crease in the amount of growth obtained with 
R. orientalis. t 

» Tlitf tpoiniii- of titr.Tfioi) ;iiiil t)ic ri'iiro<1ui-ible 
nature of tlie results obtained "itli it will be di.- 
eussod ill detail in anotlicr publieation. 
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Two experiments were performed to de* 
termine whether streptomycin was rapidly in- 
activated in the chick embryo and thus might 
appear to have little effect on rickettsial 
growth when compared with PABA (which 
is known to remain at adequate levels in the 
egg for the period of time covered by these 
experiments.)" Streptomycin does not appear 
to be inactivated, since allantoic fluids and 
yolks harvested 4 days and 7 days after the 
inoculation of eggs with 1.0 mg by the yolk 
sac route were shown to contain the expected 
amounts, that is, between 5 and 25 fxg per 
ml, by assay with 3 strains of organisms sus- 
ceptible to streptomycin, £. co/f (Waksman) 
and Bacillus jriedlditderi (Yarsik) and B, 
fricdldiidcri (Lundgren). 

Discussion. The concentrations of strepto- 
mycin in these tests were selected to repre- 
sent approximately the concentrations at- 
tainable in man. With therapeutic effects in 
eggs of such a slight degree, it seems un- 
likely that streptomycin would have any very- 
striking effect on human infections caused 
by R. prowazeki, R. mooseri, or R. orieiitalis. 

t The minumini concoiitration of PABA required 
to produce a detectable iuhibition of the growth of 
K. Diuiitalis is considerably greater than that 
retjuived for inhibition of B. protcase}:i.O 

■J Snyder, J. C., and Stevens, D. A., unpublished 
observations. 


The effects are sufficient, however, to cau- 
tion against the use of streptomycin in the 
attempt to isolate R. prowazeki or R. mooseri 
from material contaminated with streptomy^- 
cin-sensitive bacteria, particularly if the num- 
bers of rickettsiae in the material are small. 

Summary. Streptomycin in amounts of 
from 0.5 to 2.0 mg injected into infected 
embryonated eggs has a definite slight in- 
hibitory- action on the growth of R. prowazeki. 
In the case of R. mooseri, 2.0 mg of strepto- 
mycin had a small but significant effect. With 
R. oriental is, a dose of 2.0 mg per egg ap- 
peared to have no significant effect on the 
multiplication of the rickettsiae. By- con- 
trast, appropriate doses of PABA (5,5 mg 
per egg for R. prowazeki, and 11.0 mg per 
egg for R. mooseri and R. orientalis) pro- 
duced a striking inhibition of growth, reduc- 
ing the numbers of viable rickettsiae by' 
10,000 to over 10,000,000 times as compared 
with untreated controls. 

Addendum. As this manuscript was in 
preparation, Dr. J. E. Smadel informed the 
authors that his experiments show-ed a very- 
definite therapeutic effect of streptomycin 
against infection of embryonated hens-’ eggs 
with R. prowazeki -ivhen doses of 10 mg 
(10,000 units) per egg were employed, 5 
times the maximum dose administered in the 
e.xperimenis herein reported. 
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.Action of Curare on Temperature Changes in the Brain in Combination 
With Pentobarbital Nai-cosis. 


Sergei Feiteeberg .and Ernest P. Pick.* 

From the Lahoraiories of the Mount Siimi nospital, A'eic Tori:. 


It has been demonstrated that curare- 
alkaloids (Merck strychnos curare, crystal- 
lized tubocurarine hydrochloride) and dihy'- 
droerythroidine bromide have a central ac- 
tion, besides the peripheral effect on the neu- 

* Aided by a gr.aut from the Elia Sachs Plotz 
PouniTation for Advancement of Scientific Investi- 
gation. 


romuscular junction.^- The central action 
of these alkaloids was first demonstrated on 
the electroencephalogram of frogs. At first 
the amplitude and the frequency of the action 

1 Feitelberg, S., and Pick, E. P., Peoc, Soc. Exp. 
Biol, a.n'd Med., 1912, 49. 054. 

2 Pick. E, P., and Enna, K., J. Fharm. anil Ejp. 
Tlieriij)., 1945, 83, 59. 
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Combined Curare-Pentobarbital Action on the Brain 



1 . 

Effect of stryelmos cuniro on temperature in the brain during b'glit pentobarbital narcosis. 
Cat, 3.0 kg, narcotized witli pentobarbital 15 mg/kg intrapcritoneally and given artificial 
respiration. Time interval: 1 minute; temperature interval: a.l^C. 

(1) 2 mg stryehiios aurora intravenously causes a rise of 0.3'’C in tlie brain temperature, 
which lasts about 8 minutes. 

(2) 30 mg per kg pentobarbital intraperifonealiy causes a slight drop of the brain tempera- 
ture wliieli returns to original level in 4 minutes. 

(3) 2 mg strychnos curare causes a sudden drop in temperature of the brain (O.O'C) lasting 
about 4 iniuutes, wliieli returns to norma! after about C more minutes. 


potentials are diminished. Gradually, they 
disappear completely. The same behavior 
of the electrical activity In the brain is ob- 
served in narcosis. This central action is 
independent of the peripheral paralysis. It 
seems desirable to investigate the effect of 
curare on the brain of mammals with the 
method of measurement of temperature 
changes in the brain, developed by Feitelberg 
and Lampl.^ Since it has been shown by 
Pick and Richards'* that pentobarbital and 
curare (and curare-like alkaloids) have a 
synergistic hyipnotic action it is interesting 
to examine to what e.xtent the temperature 
changes in the brain is influenced by curare 
in pentobarbital narcosis of varying depth. 

The experiments were carried out on cats 
(average weight 2.5 to 3.5 kg), in pento- 
barbital narcosis of varying depth, under 
artificial respiration. Curare (Merck strych- 
nos curare, 1.5 mg per cc of saline solution) 
was administered intravenously. We began 
the experiments with light pentobarbital 
— H., Arch. /. exp. 

Path, unci Pharm., 1935, 177, GOO, 72a. 

J Pick, E. P; Eieliards, G. V., m print, 

J. PUarni and Exp. Thar,, 1947. 


narcosis (J5-20 mg/kg); in other experi- 
ments we used larger doses of pentobarbital 
(30 mg/kg) to produce a deeper narcosis. 
The temperature changes were measured by 
a method described in detail elsewhere.® 
This method consists essentially in the fol- 
lowing: one junction of a thermocouple is 
introduced into the internal carotid artery, 
and the other junction into the brain; the 
difference of temperature between the 2 junc- 
tions (between the brain and the carotid 
blood) is measured by a galvanometer of 
adequate sensitivity; this difference of tem- 
perature is interpreted as a measure of o.xi- 
dation processes in the brain. The obvious 
objection that the difference in temperature 
is influenced by change in blood flow and 
not by temperature changes in the brain 
has been discussed elsewhere.® It suffices 
to mention here that the experimental find- 
ings on the behavior of temperature changes 
in the brain cannot be e.xplained only by 
circulatory processes eventually produced by 
curare. 

1. Combined action oj curare and -light 
pentobarbital narcosis. Most of our experi- 
ments on animals in light pentobarbital an- 
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Pig. 2. 

Effect of strycUnos curare on temperature in tlie 
brain during deep pentobarbital narcosis and arti- 
neial respiration. Catj 3.5 Ug, narcotized \ritb 
pentobarbital 30 mgAg intraperitoneally. Time 
interval; 1 minute; temperature interval: 0.1’C. 
At (1) 3 mg strycbnos curare intravenously causes 
a suildeii drop in tbe brain temperature correspond- 
ing to 0.23°C, lasting about 7 minutes. 

esthesia show that administration of curare 
causes a rise in temperature of the brain (Fig. 
1). This indicates that curare, given in 
light narcosis ivithout complete peripheral 
paraij'sis, has a stimulating effect on the 
brain. The increased temperature lasts for 
10 to 15 minutes. This effect can be elicited 
several times on the same narcotised animal. 
It is independent of the peripheral body tem- 
perature. It may ■well be the result of actual 
increase in brain metabolism. 

2. Combined action oj curare and deep 
pentobarbital narcosis. The effect of curare 
is reversed if the pentobarbital narcosis is 
deeper, when the peripheral muscle move- 
ments are abolished by the narcosis. Under 
those conditions curare causes a marked de- 
crease in temperature of the brain, lasting 
5 to 15 minutes, which may be interpreted as 
a depression of the oxidation processes in 
the brain (Fig. 2). It appears therefore that 
a certain depth of pentobarbital narcosis is 
necessary for the occurrence of synergism be- 
tween curare and pentobarital narcosis. No 
synergism seems to exist when the pento- 
barbital narcosis is light. 

3. Discussion. The stimulating and de- 
pressing action of curare which we found in 
experiments on cerebral temperature is in 


agreement with the experiments reported by 
McIntyre ct al.,^ on the electroencephalogram 
of dogs in light pentobarbital narcosis after 
intravenous injection of cf-tubocurarine. The 
initial effect of curare was an increase of 
electrical brain activity in the occipital, 
parietal and frontal region with a 3 -fold in- 
crease in amplitude and occasional bursts of 
high frequency. This stage was followed 
shortly’’ by a depression of electrical activity. 
With larger doses the depression occurred 
earlier and the stage of initial stimulation 
was brief. The latter findings agree with 
the earlier statements of Feitelberg and Pick^ 
and Pick and Unna" about the depressing 
action of curare and curare-like alkaloids 
on the electroencephalogram of frogs. 

The central stimulating action of curare 
producing hyperexcitability, accelerated res- 
piration, central vagus stimulation and clonic 
convulsions was also found recently in ex- 
periments ■with potcurare and purified cur- 
arine chloride in cats by v. Euler and 
Wahlund® and in e.xperiments with non fatal 
doses of intocostrin and crystalline d-tubo- 
curarine chloride on various mammalian 
species by Cohnberg;” central ner\'ous de- 
pressants, i.e., sodium amytal or cyclopropane 
decrease, abolish or prevent the stimulating 
central effect. 

It is further interesting to note that in 
earlier investigations of the action of iZ-tubo- 
curarine on frogs, Tillie® and Jacabhazy^ 
have described a stimulation of the brain 
followed by a general reflex inhibition and 
paralysis of the spinal cord. According to 
Fuehneri" guanidine, which has curare-like 
properties, produces also an initial central 

5 McIntyre. A. R„ Dunn, A, L.. und TuUar, P. E., 
Fed. Froc., Pun II, 07, Febru.-iry, 1946. 

«v. Enler, E. S,, .md Wahlund, H., Acta physiol. 
Sciiiidimn-., 1941, 2, 327. 

T Colmberg, li, E., J. Lab. and Clin. Med., 1946, 
31, S66. 

S Tiilic, J., Arch. f. ca:p. Path, und Pharm.. 1S90 

27. 1. 

9 Jaeabhazy, S., Jrc/i. f. exp. Path, nnd Plnirra., 
1S99, 42, 10. 

Pueliner, H., Arch. f. exp. Path, und HuK-.n., 
19uS, 58, 1. 
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excitation in frogs, followed later by a cen- 
tral paralysis, which occurs 2 hours before 
peripheral paralysis appears. 

4. Summary. Curare, which affects the 
electrical activity of the brain has also a 
distinct effect on the temperature in the brain 
in combination with pentobarbital narcosis. 


These temperature changes in the brain in- 
dicating changes of o.xidation processes are 
increased by curare under light pentobarbital 
narcosis, and decreased under deep pento- 
barbital narcosis. This latter central action 
may be involved in the synergistic narcotic 
effect. 
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Growth of Chicks on Purified and Synthetic Diets Containing Amino 

Acids.* 

T. D. Luckey, P. R. ilooRE, C. A. Elvehjem, and E. B. Hart. 

From the Department of Diochemistry, College of Agriculture, Univmity of 'IViscon-Au, iPatlison. 


Although amino acids have been used in 
recent investigations’-^ as the principal ni- 
trogen source in chick diets in order to de- 
termine the amino acid requirements of the 
chick, such diets have various other applica- 
tions in nutritional investigations. We have 
fed amino acid diets in an attempt to de- 
termine (1) if the amino acids present in 
casein can be replaced by an equivalent 
amount of free amino acids; (2) if chicks 
will grow as well on a mixture of essential 
amino acids as when additional nonessential 
amino acids are added; (3) if chicks require 
strepogenin;^’'* (4) if chicks will survive and 
develop normally on a purely synthetic diet 
(a chemically-defined diet consisting of C.P. 
chemicals); and (5) if a chemically-defined 
diet can be used effectively in the elucida- 
tion of unknown factors such as the monkey 
antianemia factor of Cooperman ei al.^ 

* Published with the appiov.al of tiie Dim-tor of 
the Wisconsin Agrk-ultural Exiierinieut Statiou. 
Supported in part by grants from tUe Wisconsin 
Alumni Hescareh Foundation and Swift and Com- 


pany. 

1 Almquist. H. J., and Gran, C. B., J. A iitr., 1944, 
2S 325. 

2 Hcgsted, D. At.. J- Chcm., 1944, 158, 247. 
a Grau, C. R.. and Petc-r.srm, D. W,. J. Xutr.. 1.948, 

go 181 

llYoolley, D. W., J. Siol. Chem., 1945, 753. 

3 Patton, A. R., M.arrcl, J. P., Pctenng, H. G., 
: „d Waddell, J., J. -V«tr., 1946, 31, 485. 


Experimental. Day-old White Leghorn 
chicks weighing 40-42 g were divided into 
groups of 3 chicks each and maintained in 
electrically-heated cages with raised screen 
bottoms. In Series 1 and 2 (Table II) the 
chicks were fed a protein and amino acid-free 
diet for 3 to 4 days (to deplete them of any 
possible nitrogen stores carried in the yolk 
sac) prior to feeding the experimental diets. 
Since this preliminary depletion period ap- 
peared to inhibit later growth responses it 
was discontinued and the animals were placed 
directly on the e.vperimental diets in subse- 
quent e.xperiments. 

The composition of the diets used is given 
in Table I. Diet I is a typical e.xperimental 
diet with 18% casein supplemented with 
arginine, glycine, and cystine and adequate 
amounts of the vitamins known to be in- 
volved in chick nutrition. Diet II is similar 
to Diet I but contains free amino acids 
equivalent to the amount present in casein 
with arginine, glycine, and cystine additions 
as in Diet I. Diet III contains the amino 
acids essential to the chick in amounts ade- 
quate to equal the nitrogen contents of Diets 
I and 11. Diets IV, V and \T represent 

c Coopeniuin, J. M., Waisman. H. A., McCall, 

K. B., aiul Elvehjem, C. A., J. A’hI)*., 1945, 30, 45. 

" Briggs, G. If., Jr., Luckey, T. B., Klvebjeiii, 

C. A., and Hart, E, E., J. CJicm., 1944, 

423, 
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TABLE I, 

Diet Composition iu Pcititfiit. 


Constituent 

1 

11 

III 

IV 

V 

VI 

VII 

Dextrin® 

dl.O 

01.0 

01.0 

33.0 

33.0 

33.0 


Corelosc 




33.0 

33.0 

33.0 


Cc'lluliourt 




3.0 

3.0 

3.0 


Glucose C.P. 







71.0 

Soybean oil 

5.0 

5.0 

o.O 

5.0 

5.0 

5.0 


Saits V{ 

e.o 

6.0 

6.0 

0.0 

0.0 

6.0 

0.0 

Haliver oibi 

.04 

.04 

.04 

.04 

.04 

.04 


B-vitamins^ 








Calcium gluconate 




0.4 

0.4 

0.4 

0.5 

Casein (SMA) 

18.0 




8.0 

14.0 


i7,l-,\laniue 


1.23 


0.2 

0.1 


0.2 

l( 4-) Arginine UCl 

0.0 

1.59 

2.4 

1.2 

0.0 

0.0 

1.8 

(1, (-Aspartic aeid 


1.38 


0.2 

0.1 


0.2 

((■+•) Cysteine HCl 


0.09 






( { — ) Cystine 

0.3 

0.39 


0.4 

0.2 

0.4 

0.3 

((-!-)Giutamie aeid 


5.00 


1.5 

0.75 


1.5 

Glycine 

2.0 

2.11 

2.0 

1.0 

0.5 

1.0 

l.S 

d.l-Histidine HCl • n:.0 


0.08 

1.2 

0.0 

0.3 


0.2 

iI.MIoiuocystine 


0.05 






( ( — ) Ilydroxyproline 


0.05 


0.1 

0.05 



d.l-lsulcucino 


2.S5 

4.0 

2.0 

1.0 


2.0 

(( — ) Leucine 


2.00 

3.0 

1.5 

0,75 


1.5 

((4-) Lysine HCl 


1.88 

2.5 

1.2 

0.6 


1.8 

d.J-Mctbionino 


0.77 

2.0 

1.0 

0.5 


1.0 

(i,l-NoTleneiiH' 


0.05 






/(.(-Plienylal.auine 


1.13 

3.0 

1.0 

0.5 


2.0 

<l.l-Proliiic 


1.80 


0.2 

0.1 


0.2 

t7,?-Serine 


0.11 


0.2 

0.1 


0.15 

<?, (-Threonine 


1.72 

4.0 

1.4 

0.7 


2.0 

( ( — )Tryptophane 


0.20 

2.0 

0.5 

0.25 


0.5 

I( — ) Tyrosine 


1.40 


0.5 

0.25 


1.0 

(J.i-Valine 


2.94 

4.0 

2.0 

1.0 


2.0 

Total Xitrogcu®* 

3.38 

3.38 

3.30 

1.87 

2.20 

2.59 

2.36 


* Coni staveh iiioisteiieil witli water ;iud autoelaved at 15 lb for 2 hr, dried, aud ground, 
t A eouimereial cellulose jiroduet. 

{Diets IT, T, aud TI coutaiued 0,5% XaaPOj aud diet YII contained XaHCO-. 10% 
-XaoIIPO^ 0.5%, Ab.(SOD,i 0.1%, Na:;B .407 • lOlLO 0.1%, TaCU 0.0a%>, XiSO. "o.OS^o 
Co(XO;;)n 0.03%, aud KoSiO^ 0.1% in addition to salts T. 

^ Haliver oil fortifled with vitamin D-j to supply .000 nig/100 g ration. 

contained a tocopliorol 0.0 mg, 2-uie-l,l-naphthoquiuone 0.1. thiamine 
OAO n ' pantotlienate 4.0, pyridoxino HCl O.S, choline Cl 


Diets IV V, and VI contained double the above amounts of a-toc’opherol, thiamine Ci 
nieotime acid, nboliavin. calcium pantothenate, pyrido.xiue HCi and biotin and '’-me-l l’ 
naphthotpunone 0.1, ascorbic acid 100 mg, p-:imiiiobeuzoie acid 5.0, folic acid 0 05 ’ and i-inositol 

?'t e '•f iY’colUaS 200 


0.05, folic acid 0.05, aud p-amiuobenzoie acid 10.0 mg per 1 
VII contained ethyl liuolate 0.1, tripalmitin 1.0, ribuse 0.03, a 
.2 mg ))cr 100 g of ration. ’ 


le c.i, ^uv.v, r-mositol 100,0, biotin 
100 g of ration. In addition Diet 
and arabiuosc 0.3 g and cliolie aeid 


Xon iitilized forms of amino acids are omitted iu this sum. 


modifications of amino acid mixtures with and 
without protein supplementation. Diet VII 
is a chemicallt'-defined diet that contains ad- 
ditional growth factors and trace elements. 
Ali differences in total weights of the nitrogen 
sources were compensated for by modifying 


the level of carbohydrate. 

Results. A direct comparison of individual 
groups within a given series is difficult, but 
a comparison of similar lots in the first 3 
series demonstrates that casein diets (Groups 
1, 7 and 12, Table II) produce belter growth 
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TABLE II. 

Aiu'nio Acid Diets in Cliick Growtli. 


Series 

No. 

Group 

No. 

Diet No. and de.scriptiou 

% Days on 

nitrogen experiment 

G gain 
per day 

1 

1 

I — casein, arginine, giyeiue, and cystine 

3.38 

IS 

G.7 (3)' 

1 


11 — 22 amino .acids 

3.38 

18 

2,9 (3) 

1 

3 

III — 11 essential amino acids 

3.3G 

14 

1.0 (3) 

2 

4 

XV — 19 amino acids 

1.87 

10 

1.5 (2) 

2 

5 

V — 10 .amino acids -f- S% casein 

2.20 

10 

2.0 (3) 


0 

III — 11 essentiai amino acids 

3.3(5 

10 

O.G (3) 


7 

VI — 1 ‘iisi‘iij, arginine, glycine, and cystine 

2,.59 

10 

4.7 (3) 


8 

1 1 — casein,! arginine, cystine, and giycine 

1.30 

10 

1.8 (3) 

3 

9 

IV — 19 amino acids 

1,87 

s 

3,9 (2) 

3 

10 

V — 19 .amino acids -f 8% casein 

2.20 

s 

3.0 (2) 

3 

11 

111 — 11 essential amino acids 

3.36 

s 

1.6 (2) 

3 

12 

VI — casein, arginine, glycine, and cystine 

3.60 

8 

4.1 (2) 

3 

13 

\ 1 — casein, arginine, glycine, and cystine 

1.30 

S 

2.G (2) 

4 

14 

VII— cliemieal diet — no protein 

0.00 

IG 

-0.5 (3) 

4 

15 

VII — 18 amino acids 

2.36 

IG 

0.7 (3) 

4 

IG 

VII — ld% amino acids -p 4% livca" ponder! 

1.82ii 

IG 

1.5 (2) 

4 

17 

VII — 10% amino acids -f- 4% casein 

2.45 

IG 

3.0 (3) 

4 

18 

VI — casein, arginine, glj'c-ine, and c.ystiiie 

2.S9 

IG 

5.S (3) 

4 

19 

VI — Crispin, arginine, glycine, and cystine 

1.30 

10 

1.0 (2i 

4 

20 

VII — 12% amino acids -f- 4% liver ponder -f 
8% casein 

2.67 

10 

2.5 (3) 


■* Eigutea in pareutlicscs refer to number of survivors at tlie conclusion of the experiment, 
t Casein, arginine, glycine, ami cystine mixture reduced by one-Iialf and replaced by de.xtrin. 
t Wliolo liver porvder. 

5 Nitrogen content of the ivlioic liver powder is not included in this sum. 


responses in chicks than diets containing the 
11 essential amino acids plus nonessentia! 
amino acids (Groups 2, 4 and 9) and that 
the latter diets are in turn superior to diets 
containing the 11 essential amino acids alone 
(Groups 3, 6 and 11). Growth differences 
between similar groups in the different series 
are not significant since different depletion 
technics and different experimental times 
were involved. Furthermore, although uni- 
form chicks were used in any given series, 
dietary differences in the diets of the hens 
used as the source of eggs could affect the 
stores of the chicks which would alter their 
growth responses on similar diets in series 
run at different times. 

Substitution of one-haif of the weight of 
the amino acids in Diet IV with an equiva- 
lent weight of casein (8fc) (Groups S and 
10) produced no better growth responses 
than the amino acid diets (Groups 4 and 9) 
or a casein diet in which the nitrogen level 
was reduced 50f^> by feeding one-half of 
the casein and supplementary amino acids 
of Diet VI (Groups 8 and 13). 

Chicks fed an amino acid-free synthetic 


diet (Group 14) lived for a remarkably long 
period and displayed no macroscopic defi- 
ciency symptoms other than loss of weight 
and lethargy. Chicks fed the complete syn- 
thetic Diet VII (Group IS) showed poor 
growth responses. Addition of 4% whole 
liver powder at the expense of the amino 
acids doubled the growth response (Group 
16). The use of casein in place of whole 
liver powder gave even better growth re- 
sponses in the chicks (Group 17) while the 
addition of both liver powder and casein 
(Group 20) appeared to produce no better 
growth response than 4% casein alone. 

Discussion. The maximum growth re- 
sponses on our amino acid diets (3.9 and 
3 g per day) compare favorably with those 
of Hegsted (2.7 and 3.5 g per day).- We 
recognize that an absolute comparison can- 
not be made since different sources of ani- 
mals and different experimental periods were 
involved. 

The general failure of the amino acid diets 
to produce growth responses equal to diets 
containing casein supplemented with arginine, 
glycine and cystine can be e.xplained only 
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partially by the lack of a growth factor since 
whole liver substance apparently failed to 
supplement casein (source of strepogenin) 
on our synthetic diet. Our results do not, 
however, eliminate an extremely labile growth 
factor absent from the whole liver powder 
used. It is doubtful that the growth dif- 
ferences are due to missing trace elements 
since the whole liver powder would probably 
carry adequate amounts of any unidentified 
essential minerals. 

Growth inhibition due to to.xicity of some 
of the rf-isomers is debatable. Replacement 
of part of the amino acids in the diet con- 
taining the 19 amino acids by casein failed 
to produce a significant growth response in 
chicks over a reduced casein diet (Groups 
5, 8, 10 and 13) which would be expected 
if toxic if-isomers were involved. This oc- 
curred in spite of the fact that some of the 
amino adds were borderline in the reduced 
casein diet. Alternatively, the poor growth 
responses obtained on the diet containing the 
11 amino acids (3.36% nitrogen) when com- 
pared to the diets containing the 19 and 22 
amino acids (2.20 and 3.387o nitrogen re- 
spectively) could be e.xplained by the higher 
percentage of the J-isomers in the diet con- 
taining the 11 amino acids, or by the pos- 
sibility that some of the so-called nonessen- 
tial amino acids are essential on such highly 
purified diets. It is possible that the prob- 
lem is physiological rather than nutritional 
and involves amino acid imbalances other 
than toxicity of the rf-isomers, disturbed 
osmotic pressure relationships, interference 
with buffer mechanisms in the intestine, poor 
retention in the tract, or impaired absorption. 
Inhibition oi enzjTnes or beneficial bacteria 
in the intestinal tract are other possible ef- 
fects. 

The role of strepogenin in the nutrition of 


the chick remains obscure. The addition of 
casein or w'hole liver powder to our synthetic 
diet (Diet VII) produced a positive strep- 
ogenin-like response on chick growth (Groups 
14, 16, 17, and 20) in contrast to the results 
with the purified diet (Diet IV) ivhere re- 
placement of one-half of the amino acids with 
casein failed to give increased growth in the 
chicks. The slightly higher nitrogen content 
of the supplemented synthetic diets could 
have been a factor involved. It is entirely 
possible that factors other than strepogenin 
were lacking and it is questionable if uni- 
form growth responses to strepogenin would 
occur on such a deficient diet. There is also 
the possibility that the chick carries ade- 
quate stores of strepogenin and a true strepo- 
genin response could not be expected on 
such short term experiments necessitated by 
the high cost of amino acids. 

Summary. Chicks fed a completely syn- 
thetic (chemically-defined) diet in which 
amino acids are the sole source of nitrogen 
show a definite subnormal growth response. 

Casein is superior to its component amino 
acids as a source of nitrogen for the chick. 

Diets containing some of the nonessential 
amino acids are superior to diets containing 
the 11 amino acids now recognized as es- 
sential for the chick. 

tVc airatefuHy acknowledge our indebtedness to 
Merck and Coinp.any, Inc., Eabway, N.J., for 
crystalline vitamins ; Wilson Laboratories, Chicago, 
111., for gelatin and whole liver powder; Allied 
Mills, Peoria, 111., for soybean oil; Lederle Labora- 
tories, Inc., Pearl Elver, N.Y., for foEe acid; 
Hoffmann-LaBoebe, Nutley, N.J., for J-proline; 
E. I. duPont de Nemours and Company, Inc., New 
Brunswick, N.J., for crystalline vitamin D 3 ; and 
Dr. n. E. Snyder of the Department of Chemistry, 
Lniversity of Illinois, Lrbana, 111., far dl'SeTiuG, 



352 


15790 

Absence of Lipotropic Activity of Methionine When Pure Amino Ac^ds 
Were Substituted for Dietary Protein. 
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That methionine shows lipotropic activity 
in preventing the development of fattj' livers 
has been repeatedly demonstrated, but the 
variation in e.xperimental procedures and in 
the results obtained has left the magnitude 
of this effect and the interrelationships of 
methionine with other lipotropic and anti- 
lipotropic agents in some question. Lucas 
and BesP have reviewed this subject and 
have noted that there is disagreement among 
various workers as to whether the lipotropic 
action of casein is due solely to its methionine 
content. It was thought pertinent in this 
connection to observe the effect of methionine 
when a mixture of essential amino acids (sup- 
plemented with glutamic acid) was substi- 
tuted for natural protein in the e.x’perimental 
diet. 

Experimental. The composition of the 
amino acid mixture used is shown in Table I. 
It was designed to contain the essential 
amino acids (with the e.xception of methi- 
onine) in the proportions in which they oc- 
cur in casein, glutamic acid making up the 
nonessential fraction. When the f-form was 
not obtainable, twice the amount of the 
dl-form was used. 


TABLE I. 
Amino Acid Mixtiue 
(% Composition) 


i-Arginhie HCl 

4.4 

d/.piienrla la nine 

10.3 

(??-Lcuciue 

27.0 

tii-Isoleucine 

9.7 

t-Histidine HCl 

2.3 

i-Lysine HCl 

7.0 

di-Tlirconine 

8.fi 

fH-Tryptopliane 

2.4 

<??-V;Uine 

10.0 

t-Glutaniic Acid HCl 

18.3 

The authors are grateful to I>r. Plarry S. 


Goldblatt for c.xaiuiuing tlie kulner sections .mil to 
Mrs A B. Stavitsky for teclmie.o) nssi.st.niu-e, 
iLuc-as C. C., and Best, C. H., rilam,„.s and 
Hormones, Vol. I, p. b W-iS, York. 


Thirty young adult male rats of a Wistar 
strain were divided into 2 groups of 15 rats 
each. .All animals were fed on a diet con- 
sisting of amino acid mixture, 8.5; cane sugar, 
47.5; Crisco, 40; salt mixture No. 2 (U.S.P. 
XII), 4. Each animal received daily by 
stomach tube 20 pg thiamine chloride, 100 
fig calcium pantothenate, 20 pg pyridoxine 
and 25 pg riboflavin, dissolved in 1 cc of 
water. Three drops of percomorph oil fur- 
nishing 3750 units of vitamin .A and 540 units 
of vitamin D, and 3 mg of a-tocopherol were 
given week!}'. The methionine-treated group 
received an additional supplement of 50 mg 
df-methionine dissolved as the sodium salt 
in 1 cc of water and administered by stomach 
tube.- 

The rats were maintained on experiment 
for 21 days. Food intake and body weight 
were recorded daily. -At the end of the e.x- 
perimental period the animals were ex- 
sanguinated by decapitation under light 
ether anesthesia and the livers removed, 
weighed and analyzed for total fat by the 
method of Tucker and Eckstein,® modified 
slightly. The kidneys were saved for his- 
tological examination. 

Results and Discussion. The basal diet 
corresponded in essential amino acid content 
to one containing about 7% casein and, with 
the mixture of I- and dl-acids, to a little less 
than this in available nitrogen, with no sul- 
phur-containing amino acid present. When 
supplementary methionine was given, the 50 
mg per day represented a level in the diet of 
0.8% on the basis of the average food in- 
take of the group, or the same amount of 
methionine as a diet containing 25% casein. 
That the rats should not thrive on the 

Silachell.T, T. E., .tbiI Griffith, J. Q., Jr., in 
Griffltli-Parris, The Sat, 1942, Pliil.i(lclplii;i. 

3 Tucker, H. F., and Eckstein, H. C,, J. Biol, 
atem., 1937, 131, 479. 


Lipotropic Activity of ^Methionine 


353 


sulphur-free diet was to be expected. Weight 
loss was continuous throughout the e.xperi- 
nient averaging iOfo for the group. The 
animals did not, however, exhibit any acute 
symptoms during the 21-day period. ^lethi- 
onine exerted a beneficial effect on the gen- 
eral condition of the animals. The methio- 
nine-supplemented group ate 15% more than 
the control animals. Weight loss paralleled 
that of the controls for the first week, but 
during the remaining 2 weeks of the e.xperi- 
ment body weight was almost constant. The 
average weight loss for the period was 21%. 
This figure dees not compare favorably with 
the average 127 o loss of rats on an unsup- 
plemented 8% casein diet which was observed 
in this laboratory.^ This mild effect of 
methionine on body weight and food intake 
is in contrast with the results of Glynn. Hims- 
worth and Xeuberger.^ These authors using 
a high carbohydrate, very low fat diet, with 
amino acids as the source of nitrogen, found 
that with the addition of S mg of methionine 
a day to the sulphur-free ration the rats ate 
two-thirds more, while 80 mg a day more 
than doubled the food intake. The variation 
was in the amount of carbohydrate consumed, 
the amount of amino acids being kept con- 
stant at 1.3 g per day. The animals used 
weighed 80 g at the beginning of the ex- 
periment. With no methionine, weight 
change in 21 days was — 2.5%, isath 8 mg 
of methionine, -{-2.5%, and with 80 mg of 
methionine, +44%. These workers were 
studying pathological changes in the liver. 
That this might be uncomplicated by fatty- 
inf iltration, they included in the diet suf- 
ficient choline to prevent fatty livers. Our 
diet was essentially choline-free which may 
have necessitated a quite different apportion- 
ment of the methionine among its various 
functions. 

No necrosis was observed in any of the 
livers at autopsy', nor did the kidneys show 
any pathological changes. 

Methionine proved quite ineffective as a 
lipotropic agent in our experiment. The level 

t I'npublislied data. 

I Glyiiii, L. E.. Himswortli. II. P., and Neuberger, 
.V., Bril. J. Ej-p. Path.. 1945, 2C, Sdd. 


of liver fat in the control group, 19.7% was 
of the order usually' obtained with a similar 
diet containing casein. The average for the 
treated animals was slightly' lower, 17.9%, 
but the difference is insignificant. It has 
been reported many' times that a similar 
amount of methionine supplementing a ration 
containing 5% casein has definite lipotropic 
effect. .-Vs examples may' be cited the early 
paper of Tucker and Eckstein® in which it 
was stated that 0.5% of methionine added 
to the diet reduced the liver fat from 20.4% 
to 11.1% and the recent work of Clark, 
Eilert and Dragstedt’* who found the liver fat 
changed from 31.5% to 9.3% by' the same 
amount of methionine. In both cases the to- 
tal level of methionine in the diet was lower 
than in our e.xperiment: about 0.65% as com- 
pared with 0.8%. However, because of the 
better appetite of the animals on the casein 
diet, the actual amount of methionine in- 
gested was a little greater than that given 
to our animals. The rats of Tucker and 
Eckstein received 71 mg per day' and those 
of Clark, Eilert and Dragstedt, 58 mg, while 
ours had 50 mg. 

The results of the present study appear to 
support the view that other factors than 
methionine enter into the lipotropic effect of 
a high casein diet, or even of a methionine- 
supplemented low casein diet. Under the 
conditions of the e.xperiment methionine, in 
what has been considered as an adequate 
amount, gave no appreciable protection 
against development of fatty livers. The 
amino acid mixture used did not reproduce 
the composition of casein except for the es- 
sential amino acids. Some of the nonessen- 
tial acids may play a role or, in their ab- 
sence. the requirement for some of the es- 
sential acids may be increased. It has been 
suggested by du Vigneaud, Chandler. iMoyer 
and Keppel® that in low protein diets a de- 
ficiency of some other precursor of choline 
than methionine may' be the limiting factor 
of lipotropic activity'. On the other hand. 

'•Clark, D. E., Eilert, il. L., and Dragstedt, 
L. R., Am. ,T. Physiol., 1945, 144, 020. 

« du Yigiie.iud, V., CTiaudlcr. .1. P., Jloyer, A. TV., 
and Keppel, D. 11., .T. Biol. Chem., 1939, 131. 57. 



354 


Implantation Riboflavin Pellets in Animals, Man 


TABLE II. 

Effect on Body Weight, Eood Intake, and Liver Fat of Adding Metliiouino to a Diet Free of 
Sulfur-Ckintaining Amino Acids. 


Group Treatment 

I Basal diet 

II Basal diet 

ilctliionine 


Wt of .animals Liver 

> Food , — — ^ 

A'o. of Initial, Change, intake, Total lipid, 

‘•‘■‘is g % g/day Wt, g % 


15 ISO ~-20.S±0.S 5.5 ±0.2 5.30 ± 0.24 I9.r-+-l.f 

(149-172) “ 

15 104 — ^21.0 ± 0.8 0.3 ± 0.2 5.50 ± 0.14 17.9 1.4 

(146-182) " 


the amount of methionine required to show a 
lipotropic effect may be considerably in- 
creased in a diet containing minimal amounts 
of choline. In the present investigation 
crystalline vitamin B components were used, 
while in those quoted above^’^' the animals 
were fed 0.5 g of yeast daily. This amount 
of yeast contains more than 1.0 mg of choline' 

7 Fletcher, J. P., Best, C. H., and Solandt, O. 31., 
Siochem. J., 1935, 20, 2278. 


which is an appreciable percentage of the 
daily requirement. It is possible, also, that 
some other component of yeast works in con- 
junction with methionine. 

Summary. Under the e.xperimental condi- 
tions chosen, methionine at a level of 50 mg 
per day (0.8% of the diet) did not prevent 
the development of fatty livers in rats fed a 
diet in which a mixture of essential amino 
acids replaced protein. 
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Implantation of Riboflavin Pellets in Animals and Man. 

Y. M. Bromberg, A. Brzezinsici, ano F. Sulman. (Introduced by B. Zondek.) 
Front the Gynccologic-Ohstetrio Department, FothsehiUl Sadassah University Hospital and the 
Hormone Research Laharatory, Hebrew University, .Jerusalem, Palestine. 


Nutritional studies of the Palestinian pop- 
ulation have shown that riboflavin deficiency 
is very often observed in this country,^ and 
that its incidence is far more frequent than 
that of other vitamin deficiencies.- The 
clinical manifestations of this deficiency, such 
as glossitis, cheilosis, corneal vasiculan'za- 
tion, etc., were particularly common in preg- 
nant women. Low riboflavin e.xcretion in 
the urine (averaging 95 7 per liter instead of 
360 7 per liter in normal pregnant women) 
was found in 190 (21%) out of 900 pregnant 
women studied.® Furthermore, observations 

J. pal. Hed. Assn., 1942, 23, 1943; Dcrmatologica, 
1942, 86 , 323. 

2 Berger-E.'ibiuo'dtz, S., Doctor's Dissertatron, 
1945, Hebrew ITniversity, Jerusalem. 


have been reported as to the harmful effect 
of riboflavin deficiency on the course of preg- 
nancy (prematurity), on the condition of the 
fetus in iitero (higher incidence of antenatal 
death) and upon the postpartum period 
(agalactia and hypogalactia).^ 

Surprisingly enough, these clinical mani- 
festations appeared not only in the poorer 
classes, in which riboflavin intake was in- 
adequate, but also in well nourished subjects. 
The fairly frequent incidence of riboflavin de- 
ficiency in weJl nourished individuals is princi- 
pally due to inadequate resorption of this vita- 
min. The frequent occurrence of various intes- 

3 Braun, K., Bromberg, Y. M., and Brzczinsld, A., 
J. Obst. and Gyn., Brit. Empire, 1945, 52, 1. 

•* Brzozinski, A., Bromberg, T. M., and Braun, K., 
J. Obst. and Brit. Emp., 1947, in press. 
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tinal and hepatic diseases (amebic dysentery, 
gastric achiorhydria and hypcchiorhydria) and 
various forms of chronic hepatitis is undoubt- 
ediy the most important etiologic factor in the 
production of deficiency symptoms in these 
subjects. Riboflavin therapy generally gives 
striking results in those cases in which the 
deficiency is induced by insufficient intake.^-" 
On the other hand, poor results are generally 
observ'ed when riboflavin is administered to 
subjects suffering from riboflavin deficiency 
due to inadequate resorption. In such pa- 
tients the oral administration of riboflavin 
seems to be ineffective. Furthermore, ribo- 
flavin administered parenterally or intra- 
venously, is eliminated from the body very 
rapidly. Thus, in order to maintain a con- 
stant level in the tissues and to prevent the 
rapid elimination of riboflavin.^-^ the daily 
dose must be divided into many subdoses. 

The poor therapeutic results obtained with 
riboflavin in patients suffering from diseases 
of the digestive tract led us to attempt the 
implantation of riboflavin pellets so as to 
afford adequate and continuous resorption of 
this vitamin. This method of supply seems 
to us particularly advantageous in patients 
who require repeated daily injections of 
riboflavin for a relatively long period. In 
addition, the difficulties involved in handling 
this substance which is easily inactivated 
when exposed to light, and the unreliability 
and lack of cooperation of patients, induced 
us to search means of supplying riboflavin 
in controlled quantities. 

Technic. Pellets implanted in rats. Pel- 
lets containing riboflavin* adsorbed on 
Fuller’s earth were used at first but later 
discarded, because thej^ were completely ab- 
sorbed in the body within a fortnight. !Much 
better results were obtained when a mixture 
of 20 mg cholesterol plus 20 mg riboflavin 
was used. Pellets prepared m this way lost 
90% of their riboflavin content within l-V/i 
months. In the present report the results 
obtained with this type of pellet wall be de- 
scribed. It seems that better results can be 
obtained with pellets prepared by melting 

*We arc indebted to “Assia” Chem. Lab., Tel- 
Aviv, for a generous supply of riboflavin. 


together cholesterol with riboflavm. Results 
with this method will be described elsewhere. 
Sterilization of the pellets was carried out 
by heating them twice for 4 hours at 80° C. 

Pellets implanted in patients (humans). 
The pellets implanted in patients were made 
by mixing 50 mg cholesterol with 50 mg 
riboflavin. This mixture was made up into 
4 pellets. They were sterilized by heating 
them 3 times for 4 hours at 80° C. The ribo- 
flavin was handled in darkness; implantation 
was carried out subcutaneously in the lateral 
aspect of the thigh. Four pellets containing 
50 mg riboflavin in all were implanted into 
each patient. 

Riboflavin determination in the urine and 
the recovered pellets was carried out by the 
microbiological method of Snell and Strong.^-^ 

Results. Resorption oj riboflavin pellets 
in rats. sterile pellet containing 20 mg of 
riboflavin with 20 mg of cholesterol was im- 
planted in the medial muscles of the thigh 
of 5 female albino rats weighing 150 g each. 
The rats were kept on a stock diet consisting 
of sprouted wheat, oats and bran supple- 
mented by milk and vegetables in season. 
Riboflavin excretion in the urine was deter- 
mined at intervals of 2 days for 2 weeks 
preceding the implantation. After the im- 
plantation riboflavin excretion was deter- 
mined every other day, and when the ribo- 
flavin level had returned to normal, at week- 
ly intervals. When the rats were sacrificed, 
the “ghost” of the pellet was recovered and 
its riboflavin content determined. It con- 
tained on an average 20% of the original 
riboflavin content one month after implanta- 
tion. The results are compiled in Table I. 
Table I demonstrates that increased ribo- 
flavin e-xcretion persisted for one month af- 
ter implantation. Later on, riboflavin ex- 
cretion returned to the normal level, thus 
proving the discontinuance of ant' further 
resorption of riboflavin from the pellet. 

Resorption of riboflavin pellets in human 
patients. At fi rst one normal well nourished 

i Snell, E. E., and Strong, P. il., Ind. and Eng. 
Chem., Anal. Ed., 1939, 11, 346. 

tWe are indebted to Dr. Lea Bichovrskv for 
these analyses. 
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„ TABLE I. 

Riboflavin E.veretioii iii the tliine of 5 Aflult Feiiiaie Albino Rats Before and After Intrm™,- 
vul.ir Impliiitatiou of Pellets Containing 20 mg Riboflavin (with 20 mg Cholesterol),' The 

Il£?UreS ;il'P rnr flrnmn«o nf 


Lays before implantation 

R.at No, 1 

Rat No. 2 

Rat N-o, 3 

Rat No. 4 

Rat Xo. 5 

14 

11. -> 

90 

95 

100 

90 

12 

120 

1.10 

ino 

110 

100 

10 

110 

170 

110 

no 

95 

8 

90 

140 

90 

120 

110 

6 

100 

100 

7*5 

so 

115 

4 

115 

70 

90 

90 

no 


95 

130 

no 

100 

9o 

Bars .after implant.ation 






o 

500 

500 

S30 

.800 

600 

4 

3(50 

300 

960 

600 

TOO 

() 

290 

290 

,510 

500 

S60 

8 

240 

250 

4.10 

420 

510 

10 

•too 

.300 

.1.50 

640 

400 

12 

(iOO 

900 

,300 

410 

.350 

14 

400 

800 

420 

640 

280 

IS 

000 

480 

450 

800 

TOO 

21 

050 

320 

400 

700 

840 

28 

GOO 

200 

200 

690 

600 

35 

125 

260 

140 

400 

510 

42 


225 

110 

120 

90 

49 


280 


no 


56 


170 


90 


(53 


SO 


100 



woman was implanted with riboflavin pellets 
(4 X 25 nig) containing SO mg riboflavin 
in all. The riboflavin e-vcretion in a 24-hour 
specimen of urine was determined (Table II) 
at 2-day intervals for a period of 2 weeks 
before the implantation and was found to 
vary between 650 y-IOOO y. The patient was 
kept on a normal diet which would have al- 
lowed for variations in the daily riboflavin 
excretion, between 250 y-1000 y per liter of 
urine. A distinct increase in the amount of 
riboflavin (1200 y-2800 y) excreted in this 
woman's urine persisted for approximately 
lyi months following implantation. This 
result led us to implant riboflavin in a patient 
suffering from characteristic glossitis, sebor- 
rheic facial lesions, and ocular manifestations 
such as corneal vascularization. Previous 
treatment of this patient with orally admin- 
istered riboflavin in daily doses of 20-30 mg 
was without any effect. These poor thera- 
peutic results were e.xplained by the existence 
of complete gastric achlorhydria and chronic 
diarrhea due to amebiasis. Parenteral ribo- 
flavin treatment consisting of 5 mg injections 
thrice daily gave moderately good but tem- 
porary results since 2 days after discontinu- 
ance of the treatment signs of riboflavin de- 


TABLE II. 

Ribofliivin Excretion in tlio Urine of .1 Norin.il 
I’enmlc Pntiejit (A) niul One Pregnant Patient (B) 
.Suffering from Riboflavin Deficiency Before and 
•After Intramuseular Implantation of Pellets Con- 
taining 50 mg Riboflavin (with 50 mg Cholesterol). 
The figures are for gamma of ribofiavin per liter 
urine. 


D.-iys before implantation 

Patient A 

Patient B 

14 

870 

100 

12 

900 

150 

10 

650 

120 

8 

800 

200 

6 

950 

250 

4 

1000 

150 

2 

J):i vs hnpiantathn 

780 

170 

O 

1200 

1300 

4 

1800 

1.100 

0 

2000 

1500 

s 

2400 

2500 

10 

2800 

3000 

12 

2000 

3500 

14 

2600 

3000 

IS . 

2200 

3500 

21 

2500 

3200 

28 

2000 

2000 

.35 

2000 

1500 

42 

1500 

1000 

49 

950 

8.50 

56 

690 

500 


ficiency reappeared. Implantation of pellets 
containing 50 mg of riboflavin gave good re- 
sults in this patient with complete absence 



Action of Salicylates on Hyaluronidase 


o57 


of deficiency symptoms for 2 months. At 
the same time the daily urinary e.Ycretion of 
riboflavin increased from the preimplantation 
level of 100 7-2SO 7 to a concentration of 
1000 7-3500 7 per liter (Table II). 

Discussion. The fact that it is possible to 
maintain a high riboflavin level within the 
body of animals and man, and to eliminate 
deficiency symptoms for a period of 1-1^ 
months, is encouraging. Cases are frequent- 
ly encountered where regular oral intake of 
the required riboflavin is ineffective because 
of inadequate resorption in patients with gas- 
tric, intestinal or hepatic diseases. In such 
patients the riboflavin is only utilized when 
injected''* in repeated daily doses. Since the 

F., and Prcaeott, F., TJtc Vitamins in 
Mcilicine, London, W. Iloineinann, Ltd., 2nd edit., 
194d. 


maintenance of such treatment is often diffi- 
cult, if not impossible, we believe that the 
implantation of pellets has a definite prac- 
tical value. Furthermore, we intend to ap- 
ply this method to other vitamins. 

Summary. I. A method is described for 
the preparation of riboflavin pellets that can 
be implanted in animals and in humans. 

2. The effect of these riboflavin pellets 
(containing cholesterol) in cases of retarded 
riboflavin resorption lasts from 1-134 months. 

3. The riboflavin pellets implanted in a 
patient suffering from riboflavin deficiency 
brought about complete relief of relatively 
long duration from deficiencj- symptoms. 

4. The method may be of practical value 
for patients suffering from riboflavin defi- 
ciency due to inadequate resorption, and when 
repeated injections are difficult to carry out. 
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Action of Sodium Salicylate on Hyaluronidase. 

-Albert Dorfaian, Elizabeth J. Reiaiers, and AIelvin L. Ott. 

From the Division of Ciicmislri/ and Physics, Army Medical School. Washinyion, D.C. 


The purpose of this communication is to 
report certain e.xperiments on the inhibition 
of hyaluronidase by sodium salicylate in vivo 
and in vitro. 

Despite wide therapeutic usefulness little 
is known concerning the mechanism of ac- 
tion of salicylates. .A number of investigators 
have shown that sodium salicylate at rela- 
tiveh’ high concentrations (0.05 4/-0.5 il/), 
causes a reversible denaturation of certain 
biological^ active proteins. Euler and co- 


1 -Anson. At. L.. nnd Jlirsky, A. E., J. Gen. 
Physiol., 1934, 17, 399. 

2 Holden. H. F., Austral. J. Exp. Biol. Med., 
1937, 15, 43. 

- Bawdeu, P. C., and Pirie, X. AV., Biochem. J., 
1940. 34, 127S. 

1 Best, R. J., Austral. J. Exp. Biol. Med., 194G, 
24, 27. 

3 Euler, H. v. and Ahlstrom, L., Z. physiol. Chem., 
1943, 279, 175. 


Avorkers’* found that salicylates inhibit cer- 
tain enzyme reactions in concentrations as 
low as 0.01 M. Some of these are partially 
reversible by diphosphopyridine nucleotide. 
Ivanovics® observed that the growth of cer- 
tain organisms such as Staphylococcus aureus 
was inhibited by concentrations as low as 
0.002 M while others such as Proteus mor- 
ganii required much larger amounts. He cor- 
related this difference ivith the ability to 
synthesize pantothenic acid and found that 
added pantothenic acid or to a lesser e.xtent 
/?,^-dimethyl-cc-hydroxy-7-butyrolactone was 
able partiallj- to reverse the salicylate in- 
hibition of 5. aureus. He concluded that so- 
dium salicylate owes its antibacterial effects 
to 2 different properties, namely specific in- 
hibition of the synthesis of ^S./S-dimethi'I-a- 
hydro.xy-y-butyTolactone and nonspecific pro- 
tein denaturation. 

® Ivanovics, G., Z. physiol. Chem., 1942, 276, 33 . 
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Action of Salicytates on Hyaturonidase 


Guerra'-® has recently reported that the 
intravenous injection of sodium salicylate 
causes an inhibition of the “spreading effect” 
of testicular extracts (hyaluronidase) in al- 
bino rabbits, as well as in patients either suf- 
fering from or having recovered from rheu- 
matic fever. He has concluded that hy- 
aluronidase is inhibited b}^ sodium salicylate 
and that this activity is responsible for the 
therapeutic efficacy of this drug in the rheu- 
matic state. This obsen'ation seems to be 
of the utmost importance since one of the 
most definite facts about rheumatic fever is 
the efficacy of salicylates in relieving cer- 
tain symptoms of this disease. The further 
facts that pathologically this disease may be 
characterized as a disease of connective tis- 
sue and that the enzyme hyaluronidase at- 
tacks hyaluronic acid, a component of con- 
nective tissue, suggest a possible ray of light 
in the study of this enigmatic disease, 

Duran-Reynals® has pointed out that many 
factors such as nutrition, age, and sex hor- 
mones influence the activity of hyaluronidase 
in vivo. It thus seemed of importance to 
determine whether sodium salicylate was 
actually an inhibitor of this enzyme or wheth- 
er the effects observed by Guerra were due 
indirectly to changes produced in the ani- 
mal, Consequently, after verifying the re- 
sults of Guerra m vivo, we have conducted a 
series of e.xperiments on the effect of sodium 
salicylate on the activity of hyaluronidase 
in vitro. 

Testicular hyaluronidase was prepared 
from bull testis by the method of Hahn,*“ 
the purification being carried through the 
first ammonium sulfate fractionation. Our 
preparations had an activity of 145 viscosity- 
reducing units per mg N, Hyaluronidase 
from CL perjringens (NIH SR-12) was ob- 
tained by growing the organism according to 
the method of Rogers, in a semisynthetic 
medium containing hyaluronic acid. The 

" T Guerra, F., Science, 1946, 103, 686, 

3 Guerra, F., Ptiarm. Exp. Therap., 1946, ST, 

143. 

9 Duraii*Keyiial3, F., 194-, 6, 197. 

10 Hahn, L., Kemi. Mineral, Geoh, 19^5, 

SlA, No. 1. 

11 Kogers, H, X, Eiochem. X, 19-15, 3», 


bacterial filtrate was dialyzed at 4°C previ- 
ous to use. Such preparations had an ac- 
tivity of 500 viscosity reducing units per 
mg N. Hyaluronic acid was prepared from 
umbilical cords by a modification of the 
method of Haas,i" using a much .shorter ex- 
traction procedure in the Waring blendor. 

Spreading activity was determined by in- 
jection into the skin of the back of albino 
rabbits, 0,25 cc of enzyme preparation mixed 
with 0,25 cc of unfiltered india ink (diluted 
1:1), After 24 hours the animal was sac- 
rificed and skinned. The area of spread on 
the inner surface of the skin was traced on 
to cellophane and measured with a planime- 
ter. This area was compared to a control 
area in which india ink mi.xed with 0,85^ 
saline was injected. This method allows a 
somewhat more accurate estimation of spread- 
ing than has been possible heretofore. Vis- 
cosity-reducing activity was measured es- 
sentially according to Haas.i- and was ex- 
pressed as the reciprocal of the half-life time 
X 10®. It was found that when viscosity 
was plotted against the square root of the 
time a straight line function was obtained 
thus making the graphic determination of 
the half-life time more precise. All assays 
were done at 37°C. The mucin clot pre- 
vention test was found inapplicable to the 
salicylate experiments since the mixture of 
sodium salicylate with the horse serum al- 
bumin resulted in precipitation. The hy- 
drolysis of hyaluronic acid was followed by 
the determination of N-acetyl-glucosamine 
by a modification of the method of Morgan 
and Elson^® utiUzing the Colman Junior 
Spectrophotometer at a wave length of 540 
mp. Salicylates were determined by the 
method of Brodie.*'* 

The first e.xperimenfs conducted were a 
repetition of those of Guerra using hy- 
aluronidase prepared from Cl. perjringens 
cultures. Sodium salicylate was given both 
by mouth and intravenously in doses suffi- 

12 Haas, E., J. Biol. Chcm., 1946, ICS, 63. 
iSHorgan, W. T. J,, and Elson, L, A., Biocliem. 

J., 1934, 28, 988. 

WBrodie, B. B., ITdenfriend, S., and Coburn, 

A. F., J. Pharm. Exp. Therap., 1944, 80, 114. 
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T-YBLE I. 

Reduction of Viscosity of Hynluronic Acid by Hyaluronidase in the Presence of Sodium 

Salicylate. 


Enzyme bicubatcd with varying coucentratioiis of sodium salicylate for 15 minutes and 
activity determined by viscosity reducing method. Inhibition is calculated by comparison with 
control under identical conditions of pH and salt conceutration. (pH — 5.8.) 




Concent r 

atioii of sodium s.ilicylate 


Enzyme 

o.-io .11 

0.10 M 0.05 .U O.Orio M 

% inhibitiun 

0.013 .11 

Testicul.’ir 

100 

00 

50 

17 

Cl. pcrfriiigcng 

100 

7T> 

43 19 

0 


T.YBLE II. 


Release of‘ X-Acetyl-Glucosamine by Hyaluronidase in Presence of Sodium Salicylate. 
Enzyme incubated with hyaluronic acid (12 ee) in 0.2 31 acetate buffer at pH 5.0. 


Time 

(Ur) 

Control 

ing 

Testicular 

0.1211 

Hvalurouidase. 

0.0911 

"O.OCH 

0.03 .11 

»mg 


mg 

To 

mg 

^0 

mg % 

1 

300 

55 

S2 

120 

CO 

185 

38 

235 22 

O 

330 

55 

S4 

130 

CO 

230 

30 

240 27 

4 

400 

55 

SO 175 54 

Cl. perfringens Hyaluronidase 

2C0 

35 

320 

20 

1 

415 

150 

Co 

290 

30 

390 

0 

455 

0 

0 

483 

135 

49 

290 

40 

440 

9 

480 

0 

4 

490 

145 

31 

375 

24 

4C0 

C 

485 

1 


* Hg N-acctyl-glucosamine. 
t % inhibition. 


cient to attain a blood level of 20-30 rag per 
100 cc of blood. Definite inhibition of spread- 
ing activity of hyaluronidase was obtained 
in the animals receiving salicylates. These 
results were similar to those reported by 
Guerra. 

The next group of e.xperiments was per- 
formed to determine the effect of sodium 
salicylate, i7i vitro, on both hyaluronidase 
prepared from Cl. perjriitgeus filtrates and 
from bull testis. Graded amounts of salicy- 
lates were incubated with enzyme and at 
indicated times samples were withdrawn and 
assayed. Salicylates were added to the as- 
say mixture in sufficient concentration to 
maintain the salicylate concentration con- 
stant. Total salt and hydrogen ion concen- 
trations were kept constant. 

Table I shows the composite results of a 
group of experiments in which activity was 
determined by the viscosity reduction meth- 
od. It is evident that marked inhibition is 
obtained with a concentration of 0.05 il/ 
with both types of enzyme, but at lower con- 
centrations only testicular enzjmie was in- 
hibited. 


The inhibition of hj'aluronidase by salicy- 
lates is reversible since removal of salicylate 
by dialysis produced almost complete restora- 
tion of activity. 

The effect of salicylates on hyaluronidase 
was studied further by determining the ef- 
fect of sodium salicylate on the liberation of 
N-acetyl-glucosamine. 'Enzyme was mixed 
with varying concentrations of sodium 
salicylate and hyaluronic acid and at def- 
inite intervals samples were withdrawn and 
N-acetyl-glucosamine was determined. Ta- 
ble II illustrates the results obtained under 
these conditions. It wnll be noted that a 
definite inhibition of release of N-acetyl- 
glucosamine from hyaluronic acid by both 
testicular and perfringens hyaluronidase is 
obtained. The degree of inhibition is appar- 
ently independent of time. Similar results 
w’ere obtained with the viscosity reduction 
method. The inhibition of testicular enzyme 
has consistentljr been more complete and oc- 
curs at lower concentrations. This, it will 
be noted, is in conformity with the results 
obtained when the viscosity reduction assay 
has been used. 



Action of Saucylates on Hyaluronidase 

Guerra'-s has recently reported that the bacterial filtrate was dialyzed at 4T previ- 
intravenous injection of sodium salicylate ous to use. Such preparations had an ac- 
causes an inhibition of the spreading effect” tivity of 500 viscosity reducing units per 
of testicular extracts (hyaluronidase) in al- mg N. Hyaluronic acid was prepared from 
bino rabbits, as well as in patients either suf- umbilical cords by a modification of the 
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matic fever. He has concluded that hy- 
aluronidase is inhibited by sodium salicylate 
and that this activity is responsible for the 
therapeutic efficacy of this drug in the rheu- 
matic state. This obsen'ation seems to be 
of the utmost importance since one of the 
most definite facts about rheumatic fever is 
the efficacy of salicylates in relieving cer- 
tain symptoms of this disease. The further 
facts that pathologically this disease may be 
characterized as a disease of connective tis- 
sue and that the enzyme hyaluronidase at- 
tacks hyaluronic acid, a component of con- 
nective tissue, suggest a possible ray of light 
in the study of this enigmatic disease. 

Duran-Re 3 mals® has pointed out that many 
factors such as nutrition, age, and se.x hor- 
mones influence the activity of hyaluronidase 
in vivo. It thus seemed of importance to 
determine whether sodium salicylate was 
actually an inhibitor of this enzyme or wheth- 
er the effects observed by Guerra were due 
indirectly to changes produced in the ani- 
mal. Consequently, after verifying the re- 
sults of Guerra in vivo, we have conducted a 
series of experiments on the effect of sodium 
salicylate on the activity of hyaluronidase 
in vitro. 

Testicular hyaluronidase was prepared 
from bull testis by the method of Hahn,*® 
the purification being carried through the 
first ammonium sulfate fractionation. Our 
preparations had an activity of 145 viscosity- 
reducing units per mg N. Hyaluronidase 
from Cl. perjringens (NIH SR-12) was ob- 
tained by growing the organism according to 
the method of Rogers,** in a semisynthetic 
medium containing hyaluronic acid. The 

7 Guerra, F., Science, 194^ 

8 Guerra, P., J. Pltann. Exp. TJierap., 1946, 87, 

143. 

a Duran-Ecyuals, P., Bact. Kev., 1942, 6, 19/. 

10 Hahn, U, ArUv. Kemi. Mineral. Geol., 194o, 

11 Eogera, H. X, Biochem. X, 1945, 39, 435. 


traction procedure in the Waring blendor. 

Spreading activity was determined by in- 
jection into the skin of the back of albino 
rabbits, 0.25 cc of enzyme preparation mi.xed 
with 0.25 cc of unfiltered India ink (diluted 
1:1). After 24 hours the animal was sac- 
rificed and skinned. The area of spread on 
the inner surface of the skin was traced on 
to cellophane and measured with a planime- 
ter. This area was compared to a control 
area in which india ink mixed with 0.85% 
saline was injected. This method allows a 
somewhat more accurate estimation of spread- 
ing than has been possible heretofore. Vis- 
cosity-reducing activity was measured es- 
sentially according to Haas,*- and was e.\'- 
pressed as the reciprocal of the half-life time 
X 10®. It was found that when viscosity 
was plotted against the square root of the 
time a straight line function was obtained 
thus making the graphic determination of 
the half-life time more precise. .‘Ml assays 
were done at 37®C. The mucin dot pre- 
vention test was found inapplicable to the 
salicylate e.xperiments since the mixture of 
sodium salicylate with the horse serum al- 
bumin resulted in precipitation. The hy- 
drolysis of hyaluronic acid was followed by 
the determination of N-acetyl-glucosamine 
by a modification of the method of Morgan 
and Eison*® utilizing the Colman Junior 
Spectrophotometer at a wave length of 540 
mp. Salicylates were determined by the 
method of Brodie.** 

The first experiments conducted were a 
repetition of those of Guerra using hy- 
aluronidase prepared from Cl. perjringens 
cultures. Sodium salicylate was given both 
by mouth and intravenously in doses suffi- 

12 Ha.is, E., J. Biol. Chcm., 1046, 103, 63. 

13 Alorgan, W. T. J., and Elson, L. A., Biochem. 

J., 1934, 28, 988. 

14 Brodie, B. B., Udeiifriend, S., and CoUani, 

A. P., J. Fharm. Exp. Thcrap., 1944, SO, 114. 
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TABLE I. 

Ri’ductiou of Viscosity of Hyahironii; Acid by Hyaluronidase in the Presence of Sodium 

Salicylate. 

Euzjaue incubated with varying concentrations of sodium salicylate for 15 minutes and 
activity determined by viscosity reducing method. Inhibition is calculated by comparison with 
control under identical conditions of pH and salt concentration. (pH = 5.S.) 




Concentration of sodium salicylate 


Enzyme 

0.-io .If 

0.10 M 

0.05 .If 0.025 .If 

9o inhibition 

0.013 3f 

Testieular 

100 

90 

50 42 

17 

Cl. pcrfnntjcn.'i 

100 

7o 

43 19 

0 


TABLE II. 


Release of’X-Acctyl-Glucosamine by Hyaluronidase in Presence of Sodium Salicylate. 
Enzyme incubated with hyaluronic acid (1- ee) in 0.- If acetate buffer at pH 5.0. 


Time 

(hr) 

Control 

mg 

0.12 

Testicular HTaluronulase. 

' 0.09 3/ 

'o.oo If 

0.03 .If 

"mg 

t9fi' 

nig 

% 

mg 

% 

mg 

9f> 

1 

300 

55 

82 

120 

60 

185 

38 

235 22 

•1 

330 

55 

84 

130 

60 

230 

30 

240 27 

4 

400 

55 SG 175 0-1 

Cl. perfriunens Hvaluronidase 

260 

35 

320 

20 

1 

415 

150 

Go 

290 

30 

390 

0 

455 

0 

O 

4S5 

155 

49 

290 

40 

440 

9 

480 

0 

4 

490 

145 

51 

375 

24 

460 

6 

485 

1 


* Mg X-acctyl-glucosamine. 
t 9c inhibition. 


dent to attain a blood level of 20-30 mg per 
100 cc of blood. Definite inhibition of spread- 
ing activity of hyaluronidase was obtained 
in the animals receiving salicvdates. These 
results were similar to those reported by 
Guerra. 

The next group of experiments was per- 
formed to determine the effect of sodium 
salicylate, in vitro, on both hyaluronidase 
prepared from CL perjriiigeiis filtrates and 
from bull testis. Graded amounts of salicy- 
lates were incubated with enzyme and at 
indicated times samples were withdrawn and 
assayed. Salicylates were added to the as- 
say mixture in sufficient concentration to 
maintain the salicylate concentration con- 
stant. Total salt and hydrogen ion concen- 
trations were kept constant. 

Table I shows the composite results of a 
group of experiments in which activity was 
determined by the viscosity reduction meth- 
od. It is evident that marked inhibition is 
obtained with a concentration of 0.05 21 
wth both tj'pes of enzjmie, but at lower con- 
centrations only testicular enzyme was in- 
hibited. 


The inhibition of hyaluronidase by salicy- 
lates is reversible since removal of salicylate 
bj”^ dialysis produced almost complete restora- 
tion of activity. 

The effect of salicylates on hy'aluronidase 
was studied further by determining the ef- 
fect of sodium salicylate on the liberation of 
N-acetyl-glucosamine. Enzymie was mixed 
with varying concentrations of sodium 
salicylate and hyaluronic acid and at def- 
inite intervals samples were withdrawn and 
N-acetyl-glucosamine was determined. Ta- 
ble II illustrates the results obtained under 
these conditions. It svill be noted that a 
definite inhibition of release of N-acetyd- 
glucosamine from h\-aluronic acid by both 
testicular and perfringens hyaluronidase is 
obtained. The degree of inhibition is appar- 
ently independent of time. Similar results 
were obtained with the v'iscosity' reduction 
method. The inhibition of testicular enzyme 
has consistently been more complete and oc- 
curs at lower concentrations. This, it will 
be noted, is in conformity with the results 
obtained when the viscosity- reduction assay 
has been used. 
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DuRviTioN QF Herpetic Infection 


This observation is of interest in view of 
the recent reports of Haas^*® showing that 
hyaJuronidase from different sources shows 
different sensitivity to antiinvasin, the hy- 
aluronidase inhibitor present in normal blood. 
He has attributed these differences to the 
presence of other substances which he has 
termed proinvasin 1 and antiinvasin II. 
It is possible that our results’ depend on dif- 
ferences in purity of the various enzymes 
or merely chemical differences in the hy- 
aluronidases from different sources. That 
such chemical differences e-xist is indicated 
by the work of Hahn.“'^® 

It is apparent from these data that sodium 
salicylate does exert an inhibitory effect on 
the activity of partially purified testicular 
and perfringens hyaluronidase. The speci- 
ficity of this effect may be open to doubt in 
that the concentrations necessary are in the 
range in which sodium salicylate produces 
denaturation of other biologically active pro- 

13 Halm, L., ArTciv. Kcmi. Mineral. Gcol., 

19A, No, 33. 

i« Homhurgcr, T., Paoc. Soc. Kxp. Bioi.. 

Med., 1946, 01, 101. 


teins. This concentration (O.Ol M) 

is considerably above that obtained thera- 
peutically (0.001 i!/-0.00S il/). Our work 
and that of Guerra indicates that sodium 
salicylate at therapeutic levels does however 
affect the spreading activity of hyaluronidase. 
The direct inhibition of hyaluronidase at 
these concentrations would seem unlikely on 
the basis of the data presented above but 
cannot be ruled out in view of the impurity 
of the preparations used and the variability 
of sensitivity of hyaluronidases from differ- 
ent sources. The complex mechanism pro- 
posed by Haas^- as well as the demonstration 
of the role of salicylates in inhibiting anti- 
body formation*® raise other possibilities as 
to the locus of action of salicylates on the 
hyaluronidase system. 

Summary. Sodium salicylate has been 
found to inhibit the spreading effect of hy- 
aluronidase in vivo. Hyaluronidase derived 
from Cl. perfringens and bull testis was also in- 
hibited by sodium salicylate in vitro. The 
concentrations necessary for in vitro inhibi- 
tion are considerably higher than those ob- 
tained in vivo. 
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Recovery of Herpes Simple.x Virus from Rabbit Brain Nine Months 

After Inoculation,* 


Robert A. Good. 

From the Department of Anatomy, VnivirsHy of Minnesota Metlical School, Miiincayolis. 


We reported the precipitating effect of 
anaphylactic shock on latent Herpetic en- 
cephalomyelitis.* Further progress has been 
made in substantiating our original observa- 
tions.- Although at that time we did not 
demonstrate the existence of the Herpes 
simplex virus in the centra! nervous tissues 
of the rabbits showing the encephalitic symp- 


Aided by .a grant from tlie Nntiomii Fouiid.-i- 
011 for Infantile Pnralysis. Ine. 

1 Good, E. A., and Campbe!l_, B., Pboc. Soc. Exf. 

uoi,. Axo Med., 1945, 5», 305. , 

2 aampbell, B., .and Good, R. A., unpublml.ed MS. 


toms following anaphylactic shock, we point- 
ed out the symptomatological and path- 
ological identity of the disease produced with 
that of Herpes encephalomyelitis. We fur- 
ther reported the finding of intranuclear in- 
clusion bodies in the brain of the rabbit. Ex- 
periments pointing out the production of 
encephalitic symptomatology and central 
nervous system pathology by various nonin- 
fective mechanisms®'® made it of considera- 

3 Bivcrs, T. M., and Schwciiktcr, F. F., J. Ery. 
Med., 1B35, 01, 680. 

1 Ferraro, A., Jreh. X enrol, and Psychiot., 
I!)44, A2, 443. 
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I*rotocol — Kubbit G 370. 

Olio young lulult iilbino rabbit was sen- 
sitizod to ogg w'liito by ailiiiiuistratioii of 
tho following dosages on alternate day’s: 

I ee I.V. ; .3 ec I.V. ; and 1 ee I.il. 

The rabbit was inoeulated in the quad- 
riceps inusele "witb 1 ee of a lO-l sus- 
pension of H. F-ei virus. 

Definite evidence of eneepbaloiuyttlitis, 
elevated temperature, paralysis of tlie 
right hind leg and eneepbalitie uiani- 
fcstations. 

Temperature normal, no evidence ot en- 
cephalitis, no paralysis. Apparent re- 
covery from a mild Herpetic eucephalo- 
mvelitis. 

After temperature had been ncrmal for 

II days and there was no evidence ot 
encephalitis or myelitis the animal ex- 
hibited moderate' anaphylactic shock 
following intravenous administration ot 
.13 cc egg white. 

Slight elevation of rect.al temperature. 
Development of full blown euceph.alo- 
myelitis. The symptoms and signs 
included elevated temperature to lOo.o. 
paralysis of both hind legs, w(?akiie3S of 
front legs, excessive salivation, opis- 
thotony, nystagmus, and facial twitch- 

ing. , 

Tenipeiaiture returned to normal anti 
except for a few sequelae, animal essen- 
tially nonnal. 

Teniperatiire remained norni.al. 


Mild anaphylactic shock. 

Temperature elevated, nystagmus, iin 
creased salivation, gnashing of teeth 
and disorientation. 

Elevated temperature and evidence ot 
mild but definite encephalitis. 


Essentially nonnal except for slight 
dispostiire of the head. 


Seveie anaphylactic shock produced by 
the intravenous admiiiistratioii of .3 cc 
egg white I.V. , 

Timiperatiire elevation noted, animal 
began to appear ill. 

Gradual progressive encephalomyLlitis 
with very high fever and severe symp- 
tomatology. 

Dead. 


ble importance to know whether or not an 
active virus agent is present in the nervous 
tissues of the animals suffering acute ex- 
acerbations of encephalitis. Hurst. Cooke, 
and Melvin' reported the isolation of canine 
distemper virus from the central nervous sys- 

r, Rabat. E. Wolf. A., and Bezer, A. E., 
.S'cicjicc, 1940, 104, 362. 

'■•Morgan, I., J- Exp. Mai., 1940, 85, 131. 

~ Hurst, E. W., Cooke, B. T., and Melvin. P., 
J. Exp. Biol, mill Mai. Science, 1943, 21, 115. 


tern of dogs 6 weeks after a systemic dis- 
temper infection at a time when the ■ dogs 
showed symptoms of central nervous system 
involvement. Brodie^ and Bodian and Cum- 
berland'-’ have reported the recovery of po- 
liomyelitis virus from the central nervous 
system of monkeys 16 and 14 days respective- 
Iv after disappearance of the paralysis. The 
persistent e.xcretion of polio virus in the 
stcols of convalescents, Horstman and Mel- 
nick.‘” has received considerable attention. 

This protocol illustrates the capacity of 
anaphylactic shock to precipitate latent virus 
encephalitis since on all 3 occasions when the 
animal was shocked symptoms and signs of 
encephalitis followed after a latent period 
of one week. 

Recovery and Identijication oj the Virus. 
Under aseptic precautions samples of cen- 
tral nervous tissue were removed from the 
lumbar spinal cord, medulla oblongata, 
cerebellum, cerebral cortex and thalamus of 
Rabbit 370 and placed in separate test tubes 
containing 50% buffered glycerine solution 
(pH 7.4). .After 2 days’ storage at ice box 
temperature each sample of tissue was ground 
in a sterile mortar and suspended in saline 
to form a 1:10 dilution of rabbit brain, t 

Three mice were inoculated with .03 cc of 
the tissue suspension from each of the above 
described areas of the rabbit's central nerv'ous 
system. .All the mice died within 3 da 3 ’S 
except those inoculated with the medulla 
oblongata tissue. On the third intracranial 
passage in mice a 10"^ suspension of the virus 
killed all mice inoculated on the second day 
after inoculation. .A determination of the 
AI.L.D.iou showed it be .03 cc of a 1/10,000 
dilution of mouse brain in normal saline.l 

s Brodie, Proc. Soc. Exp. Biol, and Med., 1933, 
30, 123S. 

'■•Bodiaii, D., and Cumberland, Am. J. Hijg., 
1947, in press. 

in Horstman and Melniek, J. A. .11. .1., 1944, 
12G, 1061. 

t These suspensions showed no evidence of bac- 
terial growth on blood :igar streak plates or 
Brewer’s medium deep cultures. 

t This was the same iI.L.D.j,|u as the H.P.oi 
virus possessed which was inoculated into G 370 
nuie months itreviously. 
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The virus, after a subsequent passage in 
mice, was inoculated onto the cornea of a 
young adult rabbit. This rabbit developed 
a kerrato-conjunctivitis typical of Herpes in- 
fection.^ .-\fter a period of 8 days this rab- 
bit developed a fulminating encephalitis and 
died. Pathological study of the brain re- 
vealed findings typical of Herpetic en- 
cephalitis. 

In another rabbit, No. 548, following the 
precipitation of active encephalomyelitis from 
the latent state by anaphylactic shock 120 
days after inoculation of Herpes simplex 
virus into the quadriceps femoris muscle 

§ Corneal scrapings were obtained from tlic 
infected eye three days after inoeubation and 
showed typical intranuclear inclusion bodies in the 
epithelial cells. 


group, a virus agent was again recovered 
from the central nervous tissues. The tech- 
nics of recovery of the virus and its identi- 
fication by biological characteristics were the 
same as were used in Rabbit No. 370. The 
virus after 3 mouse passages was identical in 
all respects to the virus inoculated 4 months 
previously. 

Sumwary. 1. An infectious agent was re- 
covered from the central nervous system of 
a rabbit which had been Inoculated 9 months 
previously with Herpes simplex virus and 
which had suffered 3 acute relapses of the 
disease. The virus recovered exhibited char- 
acteristics identical with those of the original 
virus. 2. A second instance of virus re- 
covery 4 months after inoculation is reported. 
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High Intensity. 

R. J. il.ANDLE. (Introduced by W. M. Stanley.) 

From the Department of Animal and Plant Pathology, The Fochefcller Institute for Medical 

Sesearch, Princeton, N.J. 


The electron microscope has been used 
widely for the e.xamination of virus prepara- 
tions, for the sizes of many viruses are below 
the range in which the light microscope can 
be used to good advantage.^ However, be- 
cause of the low contrast which is afforded 
by small viruses, difficulties in securing good 
electron micrographs have been encountered. 
Electron microscope studies on small viruses 
were aided immensely by the development of 
the metal shadow-casting technic by Wil- 
liams and Wyckoff.-'^ This technic has also 
proved of value in securing good definition 
of virus particles in the presence of a back- 
ground of material of smaller particle size. 


1 Stanley, W. M., Chronica Botanica, 1943, 7, 291. 

2 Williams, E. 0., and Wyckolf, E. W. G., J. Ap- 


plied Physics, 1944, 13, 712. 

3 Williams, E. C., and Wyckoff, E. W. G., Pkoc. 
Soc. Exp. Biol, and Hed., 1945, 38, 265. 


By means of this technic Sigurgeirsson and 
Stanley^ and Oster and Stanley^ have se- 
cured good delineation of the particles of 
tobacco mosaic virus in the unpurified juice 
and contents of hair cells, respectively, of 
plants diseased with tobacco mosaic. Al- 
though there was no difficulty in these studies 
in showing that most of the rods present in 
fresh virus preparations possessed a length 
of 2S0 mp, occasional pictures were obtained 
which showed segmentation of the virus rods 
similar to that described by Williams and 
Wyckoff.® Further study has shown that this 
segmentation into shorter pieces of variable 

A Sigurgeirsson, T., and Stanley, W. 11., Phyto- 
pathology, 1947, 37, 26. 

3 Oster, G., and Stanley, W. II., Brit. J. Exp. 
Path., 1946, 27, 261. 

0 Williams, E. C., and Wyckoff, E. W. G., Science, 
1945, 101, 594. 
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lengths is due to an artifact. This artifact 
and its controlled formation are described in 
the present paper. 

Methods. Tobacco mosaic virus from in- 
fected Turkish tobacco plants, isolated and 
purified by differential centrifugation,’ was 
prepared in a suitable dilution and placed 
on the copper screens covered with a thin 
film of collodion in the normal fashion of 
preparing specimens for use in the electron 
microscope. The screens were then sub- 
jected to the oblique deposition of a very thin 
evaporated metal film after the manner de- 
scribed by Williams and Wyckoff. The ap- 
paratus used in this laboratory consists of 
a glass chamber mounted on a polished brass 
plate in which there are 4 supports for the 
1X3 glass slides which carry the mounts. 
The chamber is evacuated to less than 10"^ 
mm. of mercury. The gold used for the 
shadow casting was deposited from a hot 
tungsten filament 20 cm. above and at an 
angle of 15° to the glass slides. The amount 
of gold deposited was controlled by observ- 
ing the color of the light transmitted through 
the slide and comparing it to a sheltered 
“standard’’ slide placed within the chamber. 
Since the slides were arranged with their 
long axis toward the gold source, a gradation 
of gold was obtainable on each slide so that 
it was possible to select the screen with the 
desired amount of deposited gold. 

.■\n RCA Console Wodel (type E!MC-1) 
electron microscope yielding a magnification 
of 5800 diameters was used for the observa- 
tion of the specimens. In order to obtain 
the initial electron micrographs the minimum 
intensity that would still allow accurate focus- 
ing of the image on the fluorescent screen 
was used. .4.fter a suitable field had been 
procured, a micrograph was taken with as 
little delay as possible. The exact field was 
maintained and the intensity was raised to 
the maximum. Following the exposure of 
the specimen to the high intensitj' electron 
beam for such time as was necessary to se- 
cure the desired effect, usually about 5 min- 
utes, a micrograph was again taken. In this 
manner it became possible to compare images 

T Stanley, W. M., J. Biol. Chem., 1940, 133~i3T. 


of identical virus particles following e.xposure 
to low and to high intensity electron beams. 

Discussion of Results. Fig. 1 shows the 
virus particles as they appear in a micrograph 
taken at low Intensity. The background is 
uniform and the particles appear well de- 
fined. Fig. 2 shows the same particles after 
they had been subjected to the high intensity 
beam for 3 minutes. The background has 
become very granular and the virus particles 
appear segmented. This segmentation ap- 
pears to be similar to that described by IVil- 
liams and Wj'ckoff.® 

Fig. 3 and 4 show another set of micro- 
graphs treated in a similar manner except 
that Fig. 4 was taken after 10 minutes of 
intense irradiation. It can be seen that, al- 
though the background has become quite 
granular, the degree of segmentation appears 
to be considerably less than in Fig. 2. Con- 
tinued irradiation did not produce the e.\'- 
treme segmentation noted in Fig. 1. This 
may have been due to a difference in the 
thickness of the gold deposited on the sur- 
face of the particles. It can also be seen 
from a comparison of Fig. 3 and 4 that there 
are many particles missing or obscured in 
Fig. 4. The letters correspond to the same 
particle or group in each figure. There ap- 
pears to be some correlation between the 
direction of the deposition of the gold in 
relation to the orientation of the particle and 
the obscuring of the particle. 

Fig. 3 shows an extreme effect which can 
result from prolonged exposure at the maxi- 
mum intensity. Some of the particles appear 
segmented and others show only a single very- 
dense circular area. It seems likely that on 
prolonged e.xposure to a high intensity elec- 
tron beam the gold becomes fluid and forms 
globules on the surface of the virus particle 
and on the collodion membrane. Since the 
gold globules may'" coalesce to different sizes, 
the resulting appearance may then vary from 
the smallest ones, giving the effect of seg- 
mentation of the particle, to the larger 
globules which are shown in Fig. 5. ';;^e 

fine beading or segmentation showm in Fig. 2 
could easily be mistaken as evidence for the 
existence of small segments of the tobacco 
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Pig. 1. Eluctron niic-rograph taken at low iiitensitr of tobacco nioHaie viius prei»aie{l with 
gold by the sluuhAv-custing technic. 

PiG. 2. Tlie same specimen as that shown in Pig. 1 following exposure to a liigh intensity 
electrou beam for 3 minutes. Many of the virus rods appear segmented. 

mosaic virus rod. However it is obvious from in Fig. 2 is an artifact resulting from ex- 
Fit^ 1 that the appearance of segmentation posure to the electron beam. It seems likely 








Fio. 3. Klt'ctron iiut-rojfraph taken at Inw « • . 

oc.ia hv tl.e sluulow-cnstinjr teehnu-. Letters indicate identical Prepared Aviik 

ex,.osu^-to a ing., i„ten.itv 

si’veral of llu- particles are missing or* not well definea. ' ^ “* Iti'eome granular and 

Fig. o. Tobacco mosaic virus prepared wnPi i.,* i i 

longed exposure to an electron beiin at I.igli i.itensitV ' The nietuTr^r*'”" P™’ 

segmcutation or head formation. .-the pictun shows an extreme case of 
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that the segmentation of tobacco mosaic 
virus described by Williams and Wyckoff® 
was caused in a similar manner. 

An effort was made to ascertain whether 
or not segmentation could be produced in 
tobacco mosaic virus preparations before 
shadow casting with gold o.r in preparations 
stained with phosphotungstic acid. No evi- 
dence for segmentation following prolonged 
e.xposure to a high intensity electron beam 
was obtained in either case. The results con- 
firm the statement by Stanley and Ander- 
son® for unshadowed material that “The fact 
that a micrograph taken with the first flow 
of electrons through a specimen does not ap- 
pear to differ from subsequent micrographs 
taken after longer e.xposure to the electron 
beam makes it seem unlikely that gross 
changes are caused by the electrons.” 

The results of the present study indicate 
that in order to reduce or eliminate granula- 
tion and other obvious artifacts, which can 

8 Stanley, W AT., and Anderson, T. P., J. Siol. 
Chem., 1941, 139, 325. 


occur when the shadow-casting technic with 
gold is used, it is necessary to avoid pro- 
longed e.xposure of the specimen to the in- 
tense electron beam. 

Summary. Electron micrographs of gold 
shadow-cast specimens of tobacco mosaic 
virus show that artifacts, consisting of seg- 
mented or even globular particles, are formed 
when the specimen is e.xposed to the beam of 
electrons at high intensity. It is suggested 
that these are caused by the thin film of 
gold becoming fluid and forming globules on 
the surface of the virus rods and supporting 
membrane. Tobacco mosaic virus not treat- 
ed with gold did not show any change after 
having been subjected to the same treatment. 
The results indicate that gold covered speci- 
mens should not be subj'ected to prolonged 
e.xposure to an electron beam of high in- 
tensity. 

It is .1 jilvasure to .Teknowledge my indebtedness 
to Ur. IV. At. Stimley for iiis active interest and 
helpful giiidanec. 
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Hypersensitivity to Egg White in the HatA 
Jacques LegeRj^ Georges Masson, and J. Leal Prado.? (Introduced by Hans Selye.) 

From the Institut He Medecinc et de Chinirgie lijitdriiiientalcs, UniversUe do Moulrcal, 

Montreal. Canada. 


Injection of egg white into previously 
sensitized rats elicits symptoms which have 
been taken as proof of an anaphylactic reac- 
tion.*-- Among these symptoms are hyper- 
emia, cyanosis and edema. One author* men- 
tioned that egg white has no primary to.xicity. 

* These investigations were .aided by a grant 
made by Tlic Sugar Kesearch Foundation to Dr. 
H. Selye. 

t Fellow, National Eescareh Council of Canada, 
Division of Aledieal Sciences. 

+ Fellow, Canuda-Brazil Trust Fund, Institute 
Bntantan, Sao Paulo, Brazil. 

lAIolomut, N., J. Immuuologtj, 1939, 37, 113. 

2 Pratt, H. N, J- Immunology, 1935, 29, 301. 


On the other hand it has been reported® 
that egg white administered parenteraliy 
is toxic and that sensitized and unsensitized 
rats reacted with almost identical symptoms. 
Among the symptoms there is a marked 
edema of the face, tongue, clitoris and paws 
preceded by hyperemia,* It seems therefore 
that the rat is naturally hypersensitive to egg 
white and that the symptoms attributed to 
anaphyla.xis may be the result of this hy- 
persensitivity. Since hypersensitivity is veyy 
seldom observed in animals from the first 

ap.-irkcr, J. T., and Parker, F., Jr., .Ucd. Fes., 
1024. 14, 2G3. 

•1 Selye, II., Endocrinology, 1937, 21, 169. 
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contact, this reaction offered an opportunity 
to approach it e.xperimen tally. The purpose 
of the present investigation is mainly to 
standardize the conditions under which this 
reaction iiill be further studied. 
Experimental. In a preliminary experi- 
ment 12 male, hooded rats weighing 150-200 g 
were injected intraperitoneally with a dose 
of 3 cc of fresh egg white. The animals 
were examined 30 minutes, 2, 4 and 23 hours 
after the injection in order to determine when 
the reaction reaches its maximum. The only 
sjTnptoms observed consisted of edema of 
the face, tongue and paws which was pre- 
ceded by hiperemia noticeable mainly on 
the nose, ears and paws. The intensity of 
the edema, read separately for the face and 
paws, was recorded according to a scale from 
0 to 3:0, no reaction; 1, slight but definite 
reaction; 2, moderate to marked reaction 
and 3, very marked reaction. The results 
were as follows; after 30', incidence 15%, 
severity 12%; after 2 hours, incidence 100%. 
severity 84%; after 4 hours, incidence 100%, 
severity 70% ; after 23 hours no more edema 
was visible. We therefore decided, in any 
further experiments, to examine the animals 
2 hours after an intraperitoneal injection of 
egg white. 

IVhen the egg white is injected intravenous- 
ly the symptoms appear more rapidly. With- 
in a few minutes following injection there is 
hyperemia, followed by edema, which is maxi- 
mum after 10 to 30 minutes. In some ani- 
mals we noticed a cyanosis of the extremi- 
ties, especially of the paws; in these cases 
there ■was no subsequent edema and the ani- 
mals seemed otherwise normal. 

It must be pointed out that this reaction 
does not apply to all proteins, because the 
injection of large doses of horse serum was 
without effect. 

Having established that the rat is hyper- 
sensitive to egg white we devised another 
experiment in order to see whether any re- 
lationship existed between the dose of egg 
white injected and the incidence and intensi- 
ty of the symptoms, ilale albino rats weigh- 
ing 60-80 g were divided into 6 groups of at 
least 10 animals each. Each grouo received 


TABLE I. 

Effect of Dose of Egg 'Wliite ou Incidence and 
Intensity of the Edema. 


Doses 
in cc 

Xo. of 
.niiim.ils 

7c 

iueideuce 

% . 

intensity 

I.OO 

9 

SO 

61 

0.50 

10 

100 

62 

0.25 

10 

90 

45 

0.20 

10 

70 

40 


40 

57 

33 

0.10 

10 

25 

9 


intraperitoneally one injection of 1 cc, 0.5 cc, 
0.25 cc. 0.15 cc and 0.10 cc of fresh egg white 
respectively. The animals were examined 
after 2 hours; the results are summarized in 
Table I. 

There is. evidently, a direct relationship 
between the dose and the response, which is 
more definite in regard to the incidence than 
to the intensity. The dose which gives ap- 
pro.ximafely 50% of response is 0.15 cc. 

In order to determine the variability of 
the response in the same animal and to see 
whether there is acquired tolerance, the ani- 
mals of the latter experiment were injected, 
during 9 consecutive days, with the same 
initial dose of egg white. The responses were 
read 2 hours later. Since all the animals be- 
haved similarly, we list in Table II only the 
observations on the first 4 animals of the 
groups receiving 1 cc, 0.5 cc and 0.10 cc of 
egg white. 

From the results summarized irt Table II 
it can be seen that; (1) the same intensity 
of edema is not necessarily present at the 
same time on the face and the paws or vice- 
versa; one animal may have a reaction of 3 
on the face and no edema on the paws. There 
is no predilection for one area rather than 
for another. (2) The sensitivity of the ani- 
mals varies from day to day. (3) On con- 
tinuous treatment the sensitivity does not 
necessarily disappear. 

^ Among the other variables, the composi- 
tion of egg white should be taken into con- 
sideration. To eliminate this factor, we ly- 
ophylized a large quantity of egg white us- 
ing it as a uniform stock for all these e.x- 
periments. 

It is known that age and sex have an in- 
fluence on certain biological reactions. To in- 
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that the segmentation of tobacco mosaic 
virus described by Williams and Wyckoff® 
was caused in a similar manner. 

An effort was made to ascertain whether 
or not segmentation could be produced in 
tobacco mosaic virus preparations before 
shadow casting with gold o,r in preparations 
stained with phosphotungstic acid. No evi- 
dence for segmentation following prolonged 
exposure to a high intensity electron beam 
was obtained in either case. The results con- 
firm the statement by Stanley and Ander- 
son® for unshadowed material that “The fact 
that a micrograph taken with the first flow 
of electrons through a specimen 'does not ap- 
pear to differ from subsequent micrographs 
taken after longer exposure to the electron 
beam makes it seem unlikely that gross 
changes are caused by the electrons.” 

The results of the present study indicate 
that in order to reduce or eliminate granula- 
tion and other obvious artifacts, which can 

S Stanley, W. M., and Anderson, T. F., J. Biol. 
Chem., 1941, 139, 325. 


occur when the shadow-casting technic with 
gold is used, it is necessarj" to avoid pro- 
longed exposure of the specimen to the in- 
tense electron beam. 

Summary. Electron micrographs of gold 
shadow-cast specimens of tobacco mosaic 
virus show that artifacts, consisting of seg- 
mented or even globular particles, are formed 
when the specimen is e.xposed to the beam of 
electrons at high intensity. It is suggested 
that these are caused by the thin film of 
gold becoming fluid and forming globules on 
the surface of the virus rods and supporting 
membrane. Tobacco mosaic virus not treat- 
ed with gold did not show any change after 
having been subjected to the same treatment. 
The results indicate that gold covered speci- 
mens should not be subjected to prolonged 
exposure to an electron beam of high in- 
tensity. 

It is !i iik-asm-e to acknoivledge my indebtedness 
to Hr. tv. M. Stanley for bis active interest and 
lielpful guidance. 
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Injection of egg white into previously 
sensitized rats elicits symptoms which have 
been taken as proof of an anaphylactic reac- 
tion.^'- Among these symptoms are hyper- 
emia, cyanosis and edema. One author* men- 
tioned that egg white has no primary toxicity. 


* Tliese investigations were .aided by a grant 
made by Tiie Sugar Rcse.arcb Foundation to Hr. 
H. Selye. 

t Felloiv, National Eesearcb Council of Canada, 
Division of ilcdica! Sciences. 

t Fellon', Cauada-Brazil Trust Fund, Institute 
Butantan, Sao P-aulo, Brazil. 

1 Jlolomut, N., J- ImmuHologg, 1939, 37, 113. 

2 Pratt, H. N-, Jnimiinologg, 1U3j, 29, 301. 


On the other hand it has been reported'' 
that egg white administered parenteraiiy 
is to.xic and that sensitized and unsensitized 
rats reacted with almost identical symptoms. 
Among the symptoms there is a marked 
edema of the face, tongue, clitoris and paws 
preceded by hyperemia.* It seems therefore 
that the rat is naturally hypersensitive to egg 
white and that the symptoms attributed to 
anaphyla.xis may be the result of this hy- 
persensitivity. Since hjipersensitivity is veyy 
seldom observed in animals from the first 

Piirkcr, .T. T., and Parker, F., Jr., J. Med. Jlcs., 
1924. -14, 263. 

■1 Selye, II., Endocrinologg, 1937, 21, 169. 
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Fig. 1. 

Normal control rat. 



Fig. 2. 

Esg-wliite treated rat. Note edema of tongue, 
nose end face. The two upper incisors are not 
visible because of edema and also the medial line of 
tongue is not as defined as in the control. 

One author has already attributed the 
symptoms following parenteral injection of 
e"g white to the toxicity of the substance.^ 
Such a possibility is suggested by the rela- 
tionship existing between dose and response. 
.•\<rainst such an interpretation are the facts 
that even with high doses of egg white the 
symptoms are always mild and that the in- 
cidence and the severity of the reaction vary 



Pig. 3. 

I.oft. paw of normal control rat. Eight, edema 
i.f the paw after injection of egg white. 

from day to day. 

The reaction has some similarity with the 
local anaphylaxis and the symptoms elicited 
by the local injection or release of histamine. 
-Against the anaphylactic theory is the fact 
that there is no need for a previous sensitiza- 
tion of the animals, and therefore no ex- 
planation can be based on an antigen-anti- 
body mechanism. It seems to the authors 
that, tentatively, the egg-white reaction can 
be classified as an anaphylactoid phenomenon 
which is defined as a group of reactions re- 
sembling in their symptomatology" those of 
true anaphylaxis but which cannot be re- 
ferred to a specific antigen-antibody mecha- 
nism.^ The inhibition of the egg-white re- 
action by antihistaminic substances gives some 
support to this interpretation.® 

.Although anaphylaxis is very difficult to 
elicit in the rat, the reaction to egg white 
can readily be obtained in a high percentage 
of the animals. It can be assumed there- 
fore that different mechanisms are involved. 

The symptoms obtained with egg white 


3 Zinsser, H., Enders, J. P., and Fotbergill, L. D., 
Immunity. Principles and Application in Medicine 
and Pithlic Health, Tlie Alaemillau Co., New York, 
1941. 

GLcger, J., and il.isson, G., in press. 
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, TABLE II. 

Iiifluence of Dose ■•iiia Duration of Tre.-itinciit- (m Prodiu-tioii, of Efiem.'i. 


Group Daily dosCj ce 
~1 1 


H O.ij 


III 0.2.3 ■ 


IV 0.10 


Tlie first iuimber in 
on tlic parvs. 


K.’it l).'jv Isf 

2 ik 1 

3 r(I 

m ' 

etii 

7tU 

Stli' 

fltli 

A 

3;3 

0 

0 

o .o 

2;0 

Oil 

0;0 

' 0;0 


B 

3, -3 . 

0 

0 

1,-2 

0 ; 0 ' 

0;1 

0;0 

0:0 

U ;0 

G 

0;0 

I 

0 , 

0,-0 

0:0 

0:0 

0;0 

0;0 

0 ;U 

1) 

— f -' 

1 

0 

0;0 

0;3 

o;i 

1:2 


0;1 

A 

o 

*> 

o 

• 0;0 

0;.3 

0;2 

0;1 

1;0 

1;2 

n 

1;2 

0 

) 

0;0 

1:3 

0;0 

1:0 

fl;fl 

0-,0 

c 

D 

2;3 

1 

1 

n;f) 

0.0 

o-,o 

0:1 

0;0 

0;0 

3;3 

1 

1 

0;0 

3,-2 

1:0 

0;0 

0;0 

0;0 

A 

3;2 

0 

1 

0,-0 

1;0 

0;2 

0,-1 

0;0 

0:1 

B 

I;I 

-y 

.-> 

0;2 

o-,o 

0;1 

1;3 

0;0 

.do 

c 

3;3 

0 

0 

1;0 

2;0 

o-,o 

0-,0 

a -,0 

i ;2 

D 

3;3 

0 

0 

0,-0 

3;3 

0;0 

0;0 

0,-2 

0,0 

A 

fl;0 

0 

0 

0:0 

0;0 

0;0 

0,-0 

1;1 

0-0 

B 

1:0 

0 

0 

0;0 

0;0 

0;0 

0;0 

0;0 

0:0 

C 

fl-,0 

0- 

0 

0-,0 

2;0 

o-,u 

1-,S 

o-,o 

0;(i 

D 

1;0 

1, 

I 

0:0 

0,-0 

0;0 

0:0 

0;0 

1,-- 


e.aeli eoiumn ropre.scnt.s tlic intensity of edema on tlie face, tlie seeaiid 


TABLE HI. 

Iiitiuenee of Age and .Se.v on Production of Edema. 






1st (lay 

4tli clay 

(itli (lay 

% 

inc-ideiK-o 

% 

jntDiisity 

21 21 
iin-i(li-iu-e intensity 

ineidenee 

% 

intensity 

Group 

I 

3 

•10-.30 g 

S9 

• .*#” 

2.7 12 

75 

33 

Group 

It 

6 

70-80 g 

i}'2 

2.) 

IT 3 

20 

3 

Groun 

III 

3 

120-140 g 

<0 

37 

12 4 

20 

7 

Group 

W 

2 

120-140 g 

37 

19 

32 4 

23 

11 


vestigate this possibility we performed the 
following e.Kperiment. White rats were di- 
vided into 4 groups of 8 animals: Group I, 
male rats weighing 40-50 g: Group II, male 
rats weighing 70-80 g; Group III, male rats 
weighing 1 20- 140 g, and Group IV, female 
rats weighing I20-I40 g. .All the animals re- 
ceived one intraperitoneal injection of 0.15 
cc of egg white on the Ist, 4th and 6th day. 
The results are summarized in Table HI- 

.Age evidently does not influence markedlj' 
the sensitivity of the animals; as far as sex 
differences are concerned it seems that the 
females are somewhat less sensitive although 
experiments with larger groups of animals 
would be necessary to provide definite proof 
of this point. 

During the course of the present investiga- 
tion we noticed that a few animals presented 
disturbances in the vestibular equilibria! ap- 
paratus resembling those seen m the 


Aleniere’s S)mdrome. Since they appear only 
after injection of egg white, the possibility 
of spontaneous otitis media can be eliminated. 

Discussion. Judged by the present axperi- 
ments, the egg-white reaction shows the fol- 
lowing characteristics; (1) it occurs natural- 
ly in rats, (2) it is elicited at the first 
parenteral injection, (3) there is a direct re- 
lationship between dose and incidence or 
severity of the reaction, (4) the symptoms 
are always mild and restricted to certain 
areas: no case of severe reaction or fatal 
shock has been observed, (5) various areas 
are not necessarily affected to the same de- 
gree, (6) on continuous treatment the 
sensitivity of the animals varies from day 
to day: there is no permanent immunity. 

It now remains to be determined whether 
these symptoms should merely be considered 
as part of a simple toxic reaction or classified 
among the phenomena of hypersensitiveness. 
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A Simple Effective Regimen for Preservation of the Dog With a 

Pancreatic Fistula. 


Fbzd Kolouch.* 

From the Department of Surgery, University of Minnesota iledical School, Minneapolis- 


Dogs tolerate pancreatic fistulas poorly.^ 
In addition to the chronic excoriation of the 
skin of the abdomen and legs, general physical 
deterioration is rapid. The anorexia, debj"^- 
dration. hN^Mchloremia, cachexia and ulti- 
mate death can be obviated by refeeding 
pancreatic juice or by parenteral administra- 
tion of saline in addition to their regular 
diet.^"® The technical difficulties attending 
the maintenance of dogs with pancreatic 
fistulas is appreciated by anyone who has 
worked with these animals. 

The author was confronted with a need for 
dogs with simple Pavlov type pancreatic 
fistulas which would survive for a prolonged 
period of time at a level of health compatible 
with the tolerance of major surgery (gastrec- 
tomy)."’ A simple effective maintenance 
regimen for these animals was developed, 
which successfully prevented skin excoriation 
and preserved the general health and vigor 
of these animals. 

The skin of the abdomen and legs was 
protected from the irritative effects of pan- 
creatic juice by maintaining the animals in 
trays of clean, fine, white sand. The dogs 
soon learned to keep their bellies nestled in 
this absorptive material, thereby obviating 
skin excoriation. It was necessary to change 
the sand twice daily. 

" Fellow of the Xational Cancer Institute, 
Bethesda, ild. 

The research presented here was supported by 
grants of the Graduate School of the University of 
ilinuesota, the .Tohn and Mary E. ilarkle Founda- 
tion, the Augustus U. Searle Fund for Surgical 
Keseareh, and the Citizens’ Aid Society. 

1 Elman, R., and McCaughan, J. M., J. Exp. 
Med.. 1927, 45. oGl. 

- Cowgill, G. R., J. Biol. Chem., 1923, 5C, 725. 

s Allen, J. S.. Vcnneulen, C.. Owens, F. M., and 
Dragstedt, L. R., Am. J. Physiol., 1943, 138, 352. 

t Kolouch, Fred, unpublished. 


TABLE I. 

Daily Ration for Dog (Weight 15 hg) with Pan- 
creatic Fistula. 


Constituents 


Quantity 


Raw pork pancreas 

Beef tallow 

Casein 

Sucrose 

Milk 

Cod liver oil 
Brewers veast 
Vit. C 
Vit. K 

Cowgills (2) salt mixture 
Sodium bicarbonate 
Bone ash 
Amphogel 


150 g 
40 ” 

100 ” 

100 ” 

500 ” 

4 ec 
G tablets 

25.0 mg 

1.0 ” 

4.14 g 

1.5 ” 

7.5 ” 

30.0 CO 


Diet homogenized and administered by gastric 
intubation if necessary. 


The daily replacement of the water, elec- 
trolytes, and sufficient pancreatic enzymes 
was met by the forced feeding of a ration of 
a homogenized liquid diet, nutritionally com- 
plete, for a dog with a pancreatic fistula. The 
dietary formula is listed in Table I. IVhen 
necessary, in anorexic dogs, tube feeding in- 
sured complete ingestion of this diet. Antacids 
were added to prevent development of peptic 
ulcer incident to the loss of the normal neu- 
tralizing effects of pancreatic juice.- 

hlaintained on the above regimen, 5 of 6 
dogs with pancreatic fistulas survived gas- 
trectomy. The mortality in the 6th dog was 
due to a surgical blunder. Following 
gastrectomy, survival varied from 3 months 
to 2)4 years. Deprivation of the special 
regimen with return to ordinary kennel care 
and rations evoked a dramatic deterioration 
and ultimate death in all of these gastrec- 
tomized dogs. 

Summary. (1) A simple kennel and die- 
Ury routine for the maintenance of the health 
and vigor of dogs with pancreatic fistulas is 
outlined. (2) Pancreatic fistula dogs sup- 
ported by this regimen tolerated major ab- 
dominal surgery (gastrectomy). 
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Cholinesterase Content of Red Cells 


are similar to those described for angioneu- 
rotic edema in man; edema of the face, lips, 
buccal cavity associated with vestibular crisis 
or other neurologic manifestations. Another 
similarity is the abrupt appearance of the 
symptoms and their sudden disappearance. 

Simimary. In the rat a single intravenous 
or intraperitoneal injection of egg white 
elicits a reaction characterized by hyperemia, 
followed by edema of the face, tongue and 
paws. Although ‘only these regions respond, 


they are not necessarily affected to an equal 
extent. Continued injections of the same 
dose -produce variable reactions in the same 
animals but there is no acquired tolerance. 
Age does not play a great influence, but 
females seem less sensitive than males. 

The authors wish to express tJieir sincere appre- 
ciation to Dr. yr. Rocha e Silva for suggesting the 
subject of this investigation and for his helpful 
advice. 
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Cholinesterase Content of Erythrocytes in Normal and Pathological States. 
I. Content in Normal Humans.* 


Joseph K. Cline, Robert Bruce Johnson, and Walter Hamilton Johnson. 
(Introduced by E. B. Carmichael.) 

From ihe Sioclicmislry Department, Medical Coiiege of AlaVama, Birmiuffliam. 


Several investigators have recently re- 
cently reported changes in plasma, or whole 
blood cholinesterase content in anemias .and 
leukemia. Values reported were expressed 
in terms of cholinesterase activity per volume 
of sample. Sabine^ has calculated the 
cholinesterase content per cc of red cells but 
was unable to secure accurate values by di- 
rect measurement. 

The red cells contain only specific 
cholinesterase and none of the nonspecific 
type found in plasma or serum. It is un- 
likely, therefore, that the cholinesterase in 
the red cells is derived from the circulating 
plasma, but, more probably, their esterase 
content is produced by the tissues from which 
they are derived or with which they are close- 
ly associated. Any change of esterase con- 
tent per cell may be important, therefore, 
in reflecting the activity of the reticulo- 
endothelial elements of bone-marrow. The 
production of the esterase fay the red cell 
itself cannot at this time be excluded. 


* Aided by a grant from tlie Williaras-'W.aterman 
Fund of Rcaeareli Corporation. 

1 Sabine, J. C., 3. CUn. Invest., 1940, 19, 833. 


Preliminary to some observations of the 
red' cell content in various pathological states, 
we have determined the cholinesterase con- 
tent per million cells in 18 normal human 
subjects. We have been able to secure ac- 
curate values by using volumes of washed, 
resuspended red cells calculated to contain 
the same number of cells as determined by 
cell count. The cells were lysed with 10^ 
NaCl at 2°C. The measurements were then 
conducted at 37.5° by a modification of 
the method of Ammon" in which the bicar- 
bonate-Ringers solution and the acetyl- 
choline chloride solution were both placed in 
the large space and the blood sample in the 
side cup of the Warburg vessels. Values of 
cholinesterase activity thus secured are ex- 
pressed as emm of CO 2 produced per hour 
per million red cells. Esterase activity so 
expressed was not proportional to cell count 
or total blood hemoglobin. Values for dif- 
ferent subjects varied from 3.94 X RH cmni 
to 7.45 X 10“* emm with a mean value for 
normals of 6.16 X 10"* emm. 

2 Ammon, E., Arcit. ges. Physiol., 1934, S33, 4S6, 
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TABLE I. 

Agglutiuatiou of Normal Erythrocytes by Aiiti-Uuman Globulin Serum After Exposure to 
Efuate from Erythrocytes of a Patient with Acquired Hemolytic Anemia. Positive results were 
obtained only from suspensions whicli stood at ice box temperature. AgglutinaUon of samples 
of tlie same suspension was increased by subsequent iiicubafioii at 3T°G. 


Temp, incubation, 

”C 

Agglutination in 
anti-globulin scrum 



Eluate from patient’s cells 

37 

0 




plus 

20 

0 




0.1 volume normal 0 cells 

5 

+ 

(37°C 2 

hr) 

+ + 

Eluate from normal cells 

37 

0 




plus 

20 

0 




0.1 volume normal 0 cells 

5 

0 

(37‘=C 2 

hr) 

0 


accelerated rate." A hemol 3 'sin is presumed 
to be the cause of the hemolytic anemia 
which has continued without improvement. 
Her erythrocytes have shown a consistent 
agglutinability in all dilutions of the anti- 
globulin serum as high as 1-SO in contrast 
to the absence of agglutination in any dilu- 
tion of normal erj'throcytes or cells from pa- 
tients with congenital hemolytic jaundice. It 
was noted in preparation of the eluate that 
exposure of the patient’s cells to 56 °C for 
5 minutes removed or destroj^ed this ag- 
glutinable property. 

When normal group O cells were suspend- 
ed in the eluates prepared in the manner 
described above only those cells which had 
been suspended in the eluate from the pa- 
tient’s cells and kept at ice box temperature 
showed a tendency to agglutinate in the anti- 
globulin serum, while the cells suspended 
in the eluate from the control showed no 
tendency to agglutinate. Cell suspensions 
kept at room temperature and 37 °C gave 
negative results. It was observed that ag- 
glutinability of normal 0 cells after exposure 
to the eluate from the patient’s cells became 
more pronounced if, after removal from the 
ice box, a sample of the suspension was al- 
lowed to stand at 37 °C for 1 or 2 hours 
before the cells were washed and suspended 
in the antiglobulin serum shown in Table I. 
These observations were repeated with fresh- 
ly prepared eluate and cells of various types 
with the same results. 

-A second patient with an acute hemolytic 
anemia of the acquired type was studied 

s Evans, E. S., Arch. Int. iled., 1946, 77, 544. 


and observ'ations of similar nature have been 
made. She was 23 j-ears of age and had no 
past or family history suggestive of hemolytic 
disease. For 3 weeks she had noted increas- 
ing iveakness, nausea and yellow color. She 
was pale and jaundiced and the spleen was 
palpable below the costal margin. The 
hematocrit was 10, and Hb. 3.4 g/100 cc. 
Reticulocytes were 10% and the icterus in- 
dex 50. Red cell fragility in hypotonic 
saline was greatly increased and spherocyto- 
sis was evident in the blood smear. She 
was group O, Rhi. Repeated multiple trans- 
fusions had a temporary effect in elevating 
the erythrocyte count and hemoglobin and 
it seemed certain without more e.xact de- 
terminations that transfused cells were in- 
volved in the hemolytic process. Cold ag- 
glutinins were demonstrated in a titer of 
1-32 and an atypical agglutinin active at 
37°C was demonstrable for about 30% of 
O cells but had no Rh or IMN specificity. An 
atypical hemolysin was not demonstrated. 

This patient’s erythrocytes showed marked 
agglutination in a 1-160 dilution of the anti- 
globulin rabbit serum even when observations 
were carried out at 37°C to eliminate the 
cold agglutinin as a factor. Her cells failed 
to show agglutination after e.xposure to 56 °C 
for 5 minutes. Normal 0 cells from 3 in- 
dividuals showed no agglutination in her se- 
rum, but when incubated in the eluate from 
her cells acquired a susceptibility to ag- 
glutination in the antiglobulin serum as 
shown in Table II. 

Discussion. It is evident that the ery- 
throcytes from the 2 patients with acquired 
hemolytic anemia had a property uniquely 
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Demonstration of Antibodies in Acquired Hemolytic Anemia With 
Anti-Human Globulin Serum. 


Robert S. Evans, Rose T. Duane, and Vera Behrendt. 

(Introduced by A, L. Bloomfield.) 

From the Department of iCedicine, Stanford VniversiUj School of Medicine, San Francisco, Calif. 


The technic described by Coombs, Mourant 
and Race^ for detecting the presence of the 
heat stable or “blocking” Rh antibody by 
agglutinating the sensitized cells with an anti- 
globulin rabbit serum should be applicable 
to the investigation of other types of hemo- 
lytic disease in which the presence of an 
immune body is suspected. Agglutination of 
the sensitized cells depends on the interaction 
of the attached globulin of the blocking anti- 
body and the antiglobulin rabbit antibody. It 
has been demonstrated by Boorman, Dodd and 
Lou tit" that washed erythrocytes from pa- 
tients -with acquired hemolytic anemia are 
agglutinated in the antiglobulin rabbit serum 
whereas those from patients with familial 
hemolytic jaundice are not, indicating that 
only the former have a globulin antibody 
attached to the cell. Observations are re- 
ported here which indicate that the erythro- 
cytes of 2 patients with acquired hemolytic 
anemia were coated with an immune body 
which could be released and transferred to 
normal cells in vitro. 

Methods. The immune rabbit serum was 
produced by the intracutaneous and sub- 
cutaneous injection of 1 cc of group O human 
serum at weekly intervals for 2 courses of 
4 injections each. The cell antibodies in 
the serum were absorbed by incubation with 
an equal volume of a 50% saline suspension 
of pooled A and B cells at 37°C for one hour. 
After 2 absorptions the serum did not ag- 
glutinate normal cells of anj'- group or type, 
but when further diluted 1-10 with isotonic 
saline it produced agglutination of Rhi cells 
after they had been exposed to a 1-128 
saline dilution of antiRho serum containing 


B E Frit. J. Exp. Path., 19-15, 20, 255. 
a Boorman, K. E., Eoda, B. E., and Loutit, J. P., 


lancet, 1916, 1, 812. 


only the heat stable or “blocking” antibody. 
The agglutinating titer of the antiRho se- 
rum when diluted with 30% beef albumin 
was 1-I2S. Serial dilutions of the immune 
rabbit serum produced a visible precipitin 
reaction with a 1-10,000 dilution of commer- 
cial preparation of human immune globulin. 

Erythrocytes were obtained by collecting 
capillary blood in normal saline or by de- 
fibrinating venous blood. The cells were 
rvashed 3 times with normal saline before 
suspending in the antiglobulin serum. The 
capillary tube technic^ as well as the usual 
test tube method followed by centrifugation 
were used to detect agglutination and results 
were checked by observation of the suspen- 
sions on a glass slide. 

The elution technic of LandSteiner and 
Miller^ was used in the transference of the 
erythrocyte antibody as follows: Washed 
cells from the patient and from a normal 
group 0 individual were each suspended in 
twice their volume of normal saline and kept 
in a 56° water bath for 5 minutes with 
gentle agitation. The suspensions were then 
centrifuged quickly in heated cups and the 
supernatant fluid removed. The degree of 
hemolysis was observed to be roughly equal 
in the 2 samples. The eluate was divided 
into 1 cc amounts and 0.1 cc of a concen- 
trated suspension of normal group O cells 
was added. The suspensions were kept over 
night at varying temperatures with inter- 
mittent agitation. At the end of this period 
samples were removed and the cells washed 
before suspending in the antiglobulin serum. 

Results. Observations were begun with a 
patient who has been shown to hemolyze 
transfused cells as well as her own at an 

3 Chown, B., J«?. J. Clin. Path., 1P44, 14, 114. 

•t Landsteiner, K., and ifiller, C. P., J. Exp. 
Med., 1925, 42, 853. 
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serum for the attachment of an incomplete 
antibody with negative results. Although 
these cells failed to show any evidence of 
sensitization after exposure to her serum in 
vitro at 37 °C it was evident after repeated 
transfusions that these “compatible” cells 
shared in the rapid hemolysis in vivo. In 
other words, they were being destroyed by 
an immune body that could not be demon- 
strated in the patient’s serum. It is proba- 
ble that the immune body which caused the 
accelerated hemolysis in both patients ivas 
not demonstrable in the serum because it is 
adsorbed as it is produced by the large 
amount of cell antigen present. 

It is not certain, however, that the par- 
ticular body which was attached to the ery- 
throcytes of both patients could not produce 
hemolysis or agglutination if present in suf- 
ficient concentration. Even if it is passive 
in this regard, the adherence of a protein to 
the cell surface probably e.xerts a detrimental 
effect by interfering with osmotic equilibrium. 
The spherocytosis observed may be produced 
by the accumulation of metabolites which 
raise the internal osmotic pressure and cause 
the absorption of fluid, thereby increasing 
osmotic and mechanical fragility of the ery- 
throcyte and hastening its destruction. The 
failure to obtain agglutination of erythro- 


cytes from patients with congenital hemolytic 
jaundice is compatible w!‘h the observations 
of Dacie and Mollison^^ that transfused cells 
have a normal longevity in this disease which 
suggests a cell defect rather than a hemolytic 
agent as the underlying cause. 

Summary and Conclusions. The erythro- 
cytes of 2 patients with acquired hemolytic 
anemia and spherocytosis have been shown 
to be readily agglutinated b}' an immune rab- 
bit serum containing an antihuman globulin 
antibody. Since both patients have exhibited 
abnormal hemolytic activity for transfused 
cells this finding is compatible with the ex- 
istence of an immune body type of hemolytic 
agent as the cause of the accelerated hemo- 
Ij'sis. 

Evidence has been presented to show that 
the immune substance can be separated from 
patients’ cells by heating the cells to 56°C 
for 5 minutes and can then be combined with 
normal cells. The similarit}' of this immune 
body to the Rh blocking antibod 3 ’ is dis- 
cussed, The demonstration of the presence 
or absence of an immune body attached to 
the erythrocytes should become a routine 
procedure in the study of hemolytic anemias. 

11 Dacie, J. V., and itollison, P. L., Lancet, 1943, 
1, 550. 
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Role of Adrenalin in Recovery of Inhibited Conditioned Reactions. 

Ernst Gellhorn.* 

From (he Lahoratory of ycurophysiology. Department of PhysioJogy, University of ilinnesota, 

Minneapolis. 


It was shown in earlier papers from this 
laboratory'-- that insulin coma and chemical- 
ly- or electrically-induced convulsions cause 
the reappearance of previously inhibited con- 

* .lidcd by a grant from tlie Josiali itaey, Jr., 
Foundation. 

1 Gellhorn, E., and ilinatoya, H. J., J. Xeuro- 
pliysioh, 1943, C, 161. 

- Kessler, M., and Gellliorn, E., Am. J. Fsycliiat., 
1943, 09, 687. 


ditioned reactions (c.r.). No distinct effect 
was e,\-erted on positive c.r.’s by these pro- 
cedures.^-' Since it had been shown previ- 
ously-'-*' that the action which these proce- 

3 Gellliorn, E., Pnoc. Soc. E.vp. Biol, .osd Med.. 
1945, 50, 155. 

I Gellhorn, E., Arch. Xcurol. anil Psychiat., 1940, 
50, 216. 

s Gellhorn, E., Arch. Xeurol. anil Psychiat., 1938, 
40, 125. 
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TABLE ir. 


Demoiistratiou of an Immune Body in a Saline Eluate from the Cells of a Second Patient with 
Acquired Hemoij-fic Anemia. After 18 hr at 5"C the cells showed more intense agglutination in 
Cie anti-globuliu scrum after an additional incubation at Z7°C. 



Group 0 cells 

0.1 ce 

Anti-globiiUii rabbit serum 

18 iir ice bos -f 2 Iir 

Eiviate from patient’s cells 1.0 ec 

1 

d: 



2 

ri: 

++ 


3 


-i-+ 

Eluate from normal cells 1.0 ec 

1 

0 

0 


2 

0 

0 


3 

0 

0 


different from that of cells of normal indi- 
viduals in being readily agglutinated by the 
antiglobulin rabbit serum. This suscepti- 
bility to agglutination has been observed so 
far only in cells that have been exposed to 
the Rh “blocking” antibody and presumably 
coated with an immune globulin which at- 
taches to the cell but does not produce ag- 
glutination in saline suspension. This sug- 
gests that there is an immune body present 
in acquired hemolytic anemias which at- 
taches to the cell but does not produce ag- 
glutination under conditions in which the 
cells are usually observed. This analogy ivas 
further borne out when it was observed that 
the washed erythrocytes from these patients 
became agglutinated when placed in 30% 
beef albumin and 2.0% acacia as are cells 
known to be sensitized with the Rh “block- 
ing” antibody.®-" However, the patient’s 
cells did not agglutinate when suspended in 
human serum as do cells sensitized by the 
Rh “blocking” antibody.® 

The failure to remove the factor responsi- 
ble for the agglutination of the cells by re- 
peated washings and the ready removal by 
heating to S6°C again suggests a cell anti- 
body combination.^ In addition, the dem- 
onstration that a substance was released at 
which was then capable of attaching 
to normal cells and withstanding repeated 
washing further identifies the substance as 
an erythrocyte antibody. The transfer of 


0 Diamond, L. K., and Denton, R. L., J. Lab. 

Clin, ifecl, ms, SO, 821. 

TLeriiie, P., Am. A- Clin- Pft'i-. 1946, 10, 

3 Wiener, A. S., J. Lab. and Clin. Med.. 194o, 


30, 662. 


the Rh blocking antibody has been carried 
out by this method.®-^® 

Only tentative e.xplanation can be offered 
for the temperature effects which seemed to 
be important in the transfer of the antibodies 
to normal cells. It is possible that adsorp- 
tion of the immune globulin on the cells 
proceeded better in the cold and that subse- 
quent incubation at higher temperatures was 
necessary for fixation so as to prevent re- 
moval by repeated washing. 

Although an antibody could be detected 
on the surface of the erythrocyte from the 2 
patients it could not be demonstrated in the 
serum. The first patient has never shown 
evidence of an atypical agglutinin or hemoly- 
sin in the serum, and moreover group 0 cells 
which were suspended in her serum at 37 C 
failed to agglutinate when washed and sus- 
pended in the antiglobulin serum. The sec- 
ond patient e.xhibited a relatively low titer 
of cold agglutinins and an atypical agglutinin 
of an undetermined specificity active at 
37'’C. The origin of this atypical agglutinin 
is not clear since the patient had not had 
transfusions prior to the onset of her illness 
and a single pregnancy had terminated at 
the end of 4 months. While the specificity 
of this agglutinin remained to be determined 
there is evidence that it was not responsible 
for the hemolytic process. The group 0 
cells which were not agglutinated by the pa- 
tient’s serum and judged to be compatible 
were washed and tested with the antiglobulin 

" 3 Habermau, S., A. 

Med., 1944, 40, 182. 

10 Carter, B. B., and Loughrey, J., A. Clin. 
Path., 1945. 13, 575. 
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citability of these centers to normal (homeo- 
stasis, Darrow and Gellhorn).i^ 

The statement by Himwich and Fazekas^* 
that my theory of the shock treatment in 
schizophrenia does not hold since adrenalin 
is ineffective in the treatment of schizo- 
phrenicsf is obviouslj' based on a gross mis- 
understanding. The core of the Lheor3- 
(cf. also Gellhorn^-®) is not that insulin coma 
and electrically- or chemically induced con- 
vulsions act through the secretion of adrena- 
lin but that they greatly increase the reac- 
tivity of autonomic centers which in turn 
maj' influence the brain in such a manner as 
to restore normal behavior.! The neu- 


Darrow, C. TV., and Gellhorn, E., Am. J. 
Physiol., 1939, 128, 185. 

w Himwich, H. E., and Fazokas, J. F., 
Scurol. and Psychiat., 19-12, 47, 800. 

+ The paper by Dynes and Todl3 to which they 
refer does not give any evidence for or against the 
adrenalin treatment of scliizophrenics but points 
out that adrenalin injections cause less emotional 
reactions (anxiety and fear) in the sehizoplircnic 
than in the normal individual. 

13 Dynes, J. D., and Tod, H., J. y enrol, and 
Psychiat., 1040, St, 1. 

t The secretion of adrenalin is but one symptom 
of this central effect and probably of minor im- 
portance. 


rological basis for such a hypothalamic- 
cortical relationship has been, elucidated by 
ilurphv- and Gellhorn whereas the changes 
in conditioned reflexes described in this se- 
ries of papers indicate at least one of the 
mechanisms which contribute to an altered 
behavior. 

Summary. Conditioned reactions which 
had been inhibited by lack of reinforcement 
in rats may be restored by insulin coma in 
normal as well as in- adrenodemedullated rats. 
.•Vpparentlj'^ a secretion of adrenalin which is 
observed under conditions of insulin coma 
and electroshock does not play an integral 
part in the mechanism of the restoration of 
inhibited conditioned reactions. This inter- 
pretation is supported by the fact that the 
injection of adrenalin remains ineffective in 
the normal animals as far as restoration of 
inhibited conditioned reactions is concerned, 
whereas insulin coma and electroshock re- 
store these reactions. It is inferred from these 
experiments that the restitution of inhibited 
conditioned reactions is linked up with a 
hj-pothalamic-cortical discharge previously 
established bj'- Jvlurphy and Gellhorn and is 
not due to the liberation of adrenalin which 
invariably accompanies the excitation of hy- 
pothalamic centers under conditions of in- 
sulin coma and electroshock. 
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Biological Value of Proteins Determined With Tetrahymena geleii H.* 

Max S. Dunn and Louis B. Rockland. 

From the Chemical Zahoratory, University of California, Los Angeles. 


The possibility that the ciliated protozoan, 
Tetrahymena geleii H, might be used to de- 
termine the biological value of proteins was 

* Paper 40. For Paper 39, see Eockland and 
Dunn.i This work was aided by grants from the 
Nation.al Institute of Health and the University of 
California. 

The biological value of proteins has been deter- 
nrined- with chickens, dogs, rabbits, rats, swine, and 
humans by the classical JIcCoIlum, Osborne and 
Mitchell methods as well as by newer technics 


suggested by the observations that this small 
animal utilizes unhydrolj'zed protein’^- and 

that its amino acid requirements^^ approx- 

described by Cannon ct al.- and by Harrison and 
Long.3 Keviews liave been given by Mitchell,! 
Madden and Whipple,5 Barnes et aI.,o Cahill," Boas- 
Flxen,s,o Allison et aZ.,io and Block and Mitehell.u 
lEoekland, L. B., and Dunn, M. S., in press 
(No. 39). 

■- Cannon, P. P., Humphreys, E. M., VVissler, 
K. VT., and Frazier, L. E., J. Clin. Invest., 1944, 
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dures have in common is the excitation of 
the centers of the sympatheticoadrenal sys- 
tem, it was thought that the restoration of 
inhibited c.r.’s was likewise due to this in- 
creased reactivity of sympathetic centers. In 
order to clarify further the mechanism in- 
volved an attempt was made to determine 
whether the hypo'thalamic-cortical discharge, 
which occurs on e.xcitation of diencephalic 
autonomic centers, (Murphy and Gellhorn)' 
or the release of adrenalin was responsible 
for the reestablishment of inhibited c.r.’s. For 
this purpose 2 series of e.xperiments were per- 
formed. In the first, adrenalin was in- 
jected into normal animals whereas in the 
second group insulin coma was produced in 
adrenodemedullated animals. In both groups 
the effect of these procedures to restore c.r.’s 
which had been inhibited by lack of rein- 
forcement was studied. 

Methods. All e.xperiments were performed 
on rats in which a definite escape reaction, 
as used in our earlier studies, had been es- 
tablished in response to the conditioned 
stimulus (bell or light). .After the c.r. had 
been established it was inhibited by lack of 
reinforcement. Adrenalin (.2 mg per kg) 
was injected intraperitoneally 3 or 4 times 
on alternate days. The effect of these in- 
jections was compared with that induced by 
insulin coma or electroshock on 6 normal 
animals. The action of insulin coma ivas 
likewise studied in 6 adrenodemedullated 
rats. For further detail compare the litera- 
ture cited above and the paper by .Arnett 
and Gellhorn.® 

Results and Discussion. Nineteen injec- 
tions of adrenalin were performed on 6 nor- 
mal rats in which preceding or following the 
adrenalin series the response of the rat to 
insulin coma or electroshock was studied. In 
all but one e.vperiment no effect was elicited 
on the inhibited c.r.’s by the injection of 
adrenalin although the animals showed the 


typical recovery reaction under tire influence 
of insulin coma or electroshock. In the one 
case in which the response of the c.r.’s was 
increased to 50% by adrenalin the effect was 
restricted to one day, whereas a single in- 
jection of insulin leading to convulsion elicited 
in the same animal a marked recovery of 
the c.r.’s which lasted for 4 days and reached 
90%. The e.xperiments perfornied on adreno- 
deniedullated rats led to a recovery (50% 
to 90%) of the c.r.’s after induction of an 
insulin coma. These e.xperiments prove con- 
clusively the fundamental difference between 
the effects of injected adrenalin and those 
of insulin coma and electroshock. Since in 
the latter conditions adrenalin is likewise in- 
volved, being secreted as the result of ex- 
citation of sympathetic centers, the difference, 
as far as restitution of inhibited c.r.’s is 
concerned, is based on a central action which 
occurs in insulin coma and electroshock and 
is not related to adrenalin. 

The answer to this problem seems to lie 
in altered hypothalamic-cortical relations. 
Obrador,® Kennard,^® and Murphy and Gell- 
horn" have demonstrated the profound effect 
which stimulation and destruction of the hy- 
pothalamus exert on electrical cortical activi- 
ty. It may be assumed on this basis and 
on clinical evidence concerning autonomic re- 
lations in psychotic patients® that quantita- 
tive alterations in the activity of autonomic 
centers will in turn influence cortical func- 
tions. 

It may be said that the reactivity of 
autonomic centers is greatly increased in in- 
sulin hypoglycemia^* and in experimental con- 
vulsions,*® This must lead to quantitative 
changes in cortical activity which may be the 
basis of alterations in behavior. Adrenalin, 
however, whether injected or secreted, far 
from causing a similar reaction, seems to 
depress autonomic centers and may be looked 
upon as a means of restoring increased ex- 


CGelliiorn, E., Autonomic Regulations, New 
York, 1943. 

TJIurphy, J. P., and Gellhorn, E., J. Xeuro- 


pTiysioL, 1945, 8, 341 and 431. 

8 Arnett, V., Kessler, AI., and Gellhorn, 
J, Fhysiol, 1942, 137, 653. 


E., Am. 


aObrador, S., J. Neurophysiol., 1942, <5, 81. 

10 Kcnimrd, M. A., J. Neurophysiol., 1943, O, 405. 

11 GelUiorn, E., Ingraliam, R. C., and Jloldovsky, 
Jj., J. Nenrophpsiol., 1938, 1, 301. 

12 Gellhorn, E., and Harrow, C. W., Arch. Inter- 
nat. Pharmacodgn., 1939, 03, 114. 
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TABLE I. 

Biological Values of Three Proteins. 


Criterion 

.\niinal 


Protein 


Kefereuee 

Xo. 

Casein 

Lactalbumin 

Gelatin 

Liver wt regeneration 

Rat 

100 

100 

0 

3 

Nitrogen balance 

Dog 

100 

137 


14 

Plasma protein regeneration 


100 

S3 


15 

Protein level for optimum wt increase 

Rat 

100 

133 


16 

IVt increase 

Chick 

100 


46 

17 

J > > > 

Rat 

100 

100-206* 


16 

.Acid production 

T. peleii II 

100 

61-112* 

0-2* 

This paper 


* Range of values at different levels of sample. 


washed suspension of Tetrahymeua gclcii H 
cells, and incubated at about 25“’ (room tem- 
perature) for varvdng lengths of time. The 
response of the organism was measured by 
electrometric titration with standard base. 

Discussion. The biological values were 
calculated from the titration data using casein 
as the standard. The v^alues found for lactal- 
bumin, a protein hydrolyzate and gelatin 
varied ■with the incubation time and, as 
shown in' Fig. 1, with the level of nitrogen 
in the sample. It has been shown previously 
by AIcCollum et al.^^ and Plimmer et al.^^ 
that biological values vary with the time and 
by Osborne et Barnes et al.^ and other 
workers cited by these authors that they vary 
with the level of the protein. 

n ilelnick, D., and Cowgill, G. E., J. Xulrit., 
1937, 13, 401. 

la ilelnick, D., Cowgill, G. B., aud Burack, E., 
J. Exp. Med., 1936, 04, S97, 

18 Osborne, T. B., Jlendel, L. B., aud Ferry, E. L., 
J. Biol. Chem., 1919, 37, 223. 

17 .Almquist, H. J., Stokstad, E. L. R., and Hal- 
brook, E. R., J. Viitrit., 1935, 10, 193. 

IS McCollum, E. Y., aud Davis, M., J. Biol. 
Chem., 1915, 23, 231. 

19 Plimmer, R. H. A., Rosedale, J. L., Raymond, 
W. H,, and Lowndes, J., Biochem. J., 1934, 28, 
1963. 


The present data for 3 proteins, as welt as 
the values reported in the literature, are sum- 
marized in Table I. The biological values 
found at some levels of samples by the au- 
thors’ micro method are in approximate 
agreement with those obtained by other pro- 
cedures. .\lthough this correlation is of in- 
terest, it appears more significant ' tliat the 
true biological value of a protein is best ex- 
pressed by a series of numbers if time, level 
of sample and possibly' other variables are 
to be taken into account. It may be sug- 
gested that biological values of most mean- 
ing may be represented by areas under curves- 
or volumes under planes. Whether or not 
there is a direct, or any, relation between the 
human requirements for proteins and the 
biological values of proteins determined with 
protozoa or other animals remains to be de- 
termined. 

Further studies of this problem are in. 
progress. 

^Siimiiiary. method for the determina- 
tion of biological values of proteins with Tet- 
rahymena gelcii H has been described. The 
values found for casein, lactalbumin, a com- 
mercial protein hydrolyzate and gelatin have 
been compared with each other and with those 
reported in the literature. 
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Fia. 1. 

'Curves relating biological value and nitrogen of proteins. 


imate those of some mammals. It seems evi- 
dent that biological values could be deter- 

23, 601. 

3 Harrison, H. C., and Long, C. N. H., J. Biol. 
Chem., 1915, 161, 515. 

■i Mitchell, H. H., Bhysiol. Bev., 1921, 1, 121. 

3 Madden, S. C., and AYliipple, G. H., Fhysiol. 
Bev., 1910, 20, 191. 

0 Barnes, E. H., Bates, M, X, and Maaek, X E., 
X Kutrit., 1916, 32, 535. 

T Cahill, W. M., J. Am. Diet. Assn., 1915, 21, 133. 
sBoas-Fisea, M. A., Biochem. X, 1934, 28, 592. 
9Boas-Fixen, M. A., jVirfr, Abstr. Rev., 1931-35, 


4, 447. 

10 Allison, X B., and Collaborators, Annals New 
Tori; Acad. Sci., 1916, 47, 241. 

11 Block, B. X, and Mitchell, H. H., Nutr. Abstr. 


1916-1917, 16, 249 
HocWand, h. B., and Dunn, M. S., Arch. 


Rev., 


chem., 1946, H, ^Il- 
ls Kidder, G. W., 


and Dewey, 


V. 


C., 


Physiol. 


Zool, 1915, 13, 136. 


mined with greater speed, convenience and 
economy ivith this organism than with larger 
animals and that errors due to biological 
variation would be minimized because of the 
large number of individuals and the aseptic 
conditions employed. 

Experimental. A protein-free basal medi- 
um similar to that described by Kidder and 
Dewey,^® e.vcept for the omission of the 
amino acids, was employed in the present 
e.\periments. The technics were similar to 
those used in the authors’ laboratory for the 
determination of amino acids with lactic acid 
bacteria. Aliquots of protein solutions, 
homogenized suspensions or hydrolyzates 
were added to 19 .v 100 mm pyre.v test tubes. 
Ten levels of sample, each in 2 or more tubes, 
were used. Protein- and amino acid-free 
medium and distilled water were added to a 
total volume of 10 ml per tube. The tubes 
were plugged, sterilized, inoculated rvith a 
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TABLE I. 


Biologic:! I V:ilues of Three Proteins. 


Criterion 

Animal 


Protein 


Befereuce 

Xo. 

C.isein 

Lactalbumin 

Gelatin 

Livor wt regeneration 

R;it 

100 

100 

0 

3 

Xitrogen b.nlance 

Dog 

100 

137 


14 

Plasma protein regeneration 


100 

S3 


15 

Protein level for optimum wt increase 

R:it 

100 

133 


16 

Wt inere.ase 

Chick 

100 


46 

17 

J J 

R.nt 

100 

100-206’ 


16 

Afid production 

T, geleii H 

100 

61-112* 

0-2* 

This jjaper 


' Range of values at different levels of sample. 


washed suspension of Tetrahymena gcleii H 
cells, and incubated at about 25° (room tem- 
perature) for varying lengths of time. The 
response of the organism was measured by 
electrometric titration with standard base. 

Discussion. The biological values were 
calculated from the titration data using casein 
as the standard. The values found for lactal- 
bumin, a protein hydrolyzate and gelatin 
varied with the incubation time and, as 
shovm in' Fig. 1, with the level of nitrogen 
in the sample. It has been shown previously 
by iIcCollum et al.^^ and Plimmer et 
that biological values vary with the time and 
by Osborne et Barnes ct al.^ and other 
workers cited by these authors that they vary 
with the level of the protein. 

1-1 ilelnick, D., and Cowgill, G. R., J. Xutrit.. 
1937, 13, 401. 

15 Melnick, D., Cowgill, G. R., and Burack, E., 
J. Exp. Med., 1936, C4, 897. 

11 Osborne, T. B., Mendel, L. B., and Ferry, E. L., 
J. Siol. Chem., 1919, 37, 223. 

17 Almquist, H. J., Stokstad, E. L. R., and H.al- 
brook, E. R., J. Xutrit., 1935, 10, 193. 

IS McCollum, E. V., and Davis, M., J. Biol. 
Chcin., 1915, 23, 231. 

10 Plimmer, R. H. A., Rosedale, J. L., Raymond, 
W. H., and Lorrades, J., Bioclicm. J., 1934, 28, 
1963. 


The present data for 3 proteins, as well as 
the values reported in the literature, are sum- 
marized in Table I. The biological values 
found at some levels of samples by the au- 
thors’ micro method are in approximate 
agreement with those obtained by other pro- 
cedures. .Although this correlation is of in- 
terest, it appears more significant ' that the 
true biological v'alue of a protein is best ex- 
pressed by a series of numbers if time, level 
of sample and possibly other variables are 
to be taken into account. It may be sug- 
gested that biological values of most mean- 
ing may be represented by areas under curves 
or volumes under planes. Whether or not 
there is a direct, or any, relation between the 
human requirements for proteins and the 
biological values of proteins determined with 
protozoa or other animals remains to be de- 
termined. 

Further studies of this problem are in, 
progress. 

^Summary. A method for the determina- 
tion of biological values of proteins with Tet- 
rahymena geleii H has been described. The 
values found for casein, lactalbumin, a com- 
mercial protein hydrolyzate and gelatin have 
been compared with each other and with those 
reported in the literature. 
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Treatment of Paroxysmal Auricular or Nodal Tachycardia With the 
Vasopressor Drug, Neosynephrine. 

W. B. Youmans, Morton J. Goodman, and Jarvis Gould. 

From the Departments of Physiotog;, ami Medicine, University of Oregon Medical School, 

Portland, Oregon. 


The cardio-inhibitory refle.xes elicited by 
a rise in blood pressure are strikingly sensitive 
in unanesthetized animals.^ Therefore, it 
was considered that a moderate, sudden, brief 
rise in blood pressure produced by intravenous 
injection of a vasoconstrictor drug might re- 
flexly stop a paroxysmal auricular or nodal 
tachycardia. 

Neosynephrine (laevo-a-hydro.xy-/?-methyl- 
amino-3-hydroxy-ethylbenzine hydrochloride) 
has a relatively high pressor potency as com- 
pared with its direct cardiac stimulating 
potency.*''* Following intravenous injection 
in normal human subjects, an amount which 
produces a moderate increase in blood pres- 
sure causes a striking bradycardia.^-® There- 
fore, neosynephrine was chosen as a favora- 
ble vasopressor compound to be given a trial 
in the treatment of paroxysmal tachycardia. 
Neosynephrine has been given to several pa- 
tients having cardiac arrhythmias, including 
2 with paroxysmal auricular tachycardia, and 
these 2 reverted to normal sinus rhythm.'* 

Results. Neosynephrine was given intra- 
venously to each of 4 patients with idiopathic 
paro.xysmal tachycardia of supraventricular 
origin. Each had a normal blood pressure 
between attacks and a somewhat lower blood 
pressure during attacks. Electrocardiograph- 
ic records were taken and blood pressure was 
recorded repeatedly during and following the 
injections with the patient in the supine posi- 

1 H.'iiiey, H. F., Lindgreii, A. J., Karsteiis. A. I., 
ajid Youmans, W. JB., Aw. */, Physiol., 1943, 139, 
675. 

2 Youmans, AV. B., Haney, H. P., and Anmann, 
K. W., Am. J. Physiol., 1940, 130, 190. 

3 Keys, A., and Violante, A., Pboc. Soc. Exp, 
Biol, and Meb., 1940, 44, 4. 

4 Keys, A., and Violante, A., J. Clin. Invest., 

1942, 31, 1. 

s Youmans, W. B., Gould, Jarvis, and Goodman, 
lilorton J., experiments in progress. 


tion. In each case the neosynephrine in- 
jection was completed within 30 seconds. The 
first patient had tachycardia which had per- 
sisted for several hours in spite of attempts 
to stop it with carotid sinus pressure, ocular 
pressure, amytal, and mecholyl. Her blood 
pressure was 100/70 during the attack. When 
she was given neosynephrine, the systolic 
pressure increased to 140 mm Hg within 60 
seconds and the rhythm reverted to normal. 
The second patient had an attack that had 
persisted for 20 hours in spite of the usual 
mechanical methods of treatment and the ad- 
ministration of mecholyl. The patient was 
given 4 doses of neosynephrine intravenous- 
ly, O.IS mg, 0.30 mg, O.SO mg and 0.80 mg 
respectively, with ample time for the blood 
pressure to return to' the preinjection level 
after each dose. The first 3 doses were in- 
effective. When the dose of 0.8 mg was 
given, the blood pressure rose from 110 to 
160 mm of Hg and the rhythm reverted to 
normal 45 seconds after the beginning of 
the injection. The third patient had had the 
tachycardia for several hours before she was 
seen. She was given 0.4 mg of neosynephrine; 
the systolic blood pressure rose from 110 to 
140 mm of Hg and the rhythm reverted to 
normal within the first minute after the in- 
jection. The fourth patient was a man who 
had had frequent attacks which did not stop 
spontaneously but could be stopped by the 
Valsalva maneuver. A dose of 0.5 mg of 
neosynephrine failed to restore the normal 
rhythm. A dose of 0.80 mg increased his 
systolic blood pressure from 90 to 130 Hg 
in SO seconds at Which time the rhythm re- 
verted to normal. 

Over-dosage with neosynephrine must be 
avoided because of the danger of producing 
an e.xcessively high blood pressure. Occa- 
sional ventricular beats were seen with the 
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larger doses used. However, e.\-periments 
with animals have demonstrated that neo- 
synephrine does not produce ventricular 
fibrillation even in relatively high doses in 
animals sensitized by cyclopropane anesthe- 
sia.“ If a given dose is ineffective, a larger 
dose may be given after a 10-minute interval 
until the rhythm is reverted or until a rise 
of systolic pressure up to about 160 mm of 
Hg is produced. Doses between 0.5 mg and 
1.0 mg should be effective in most cases. 

Two of the 4 patients complained of mild 
precordial discomfort for a few minutes fol- 
lowing the injection. This was the only un- 
pleasant effect noted. Each patient described 
either a sensation of coolness of the skin or 
a tingling sensation evidently produced by 
the cutaneous vasoconstriction and piloerec- 
tion. 

Summary. Four nonhypertensive patients 

oMeek, V?. J., Barvey Lect., Ser. XXXVI, 
1940-41, 188. 


with idiopathic paro.xysmal tachycardia of 
supraventricular origin were given neo- 
synephrine intravenously in amounts sufficient 
to increase the systolic blood pressure 30 to 40 
mm of Hg. In 2 of these the attacks had per- 
sisted for several hours in spite of all . me- 
chanical methods of treatment and adminis- 
tration of mecholyl. In all 4 cases the 
rhythm reverted to normal within one min- 
ute after the injection of neo33'nephrine. This 
is considered to be produced by^ reflexes from 
the carotid sinuses and aortic arch. Occasion- 
al ventricular beats occurred during the 2- 
minute period after the return to the normal 
sinus rhythm. Blood pressure returned to 
normal rvithin 4 to 8 minutes after the in- 
jection. 

Intravenous injection of neosynephrine or 
some other brief-acting vasopressor com- 
pound may prove to be the treatment of 
choice in selected cases of auricular or nodal 
paroxysmal tachycardia. 
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Dark-field Observations on Lymphocytes Exposed to X-Rays and Other 

Injurious Agents.* 

Robert Schrek. 

From the Tumor Besearch Unit, Veterans Administration Hospital, Bines, 111. 


By the method of unstained cell counts, it 
has been shown*" that X-rays had a delayed 
cytocidal action on lymphocytes irradiated 
in vitro and incubated at 37° C. The death 
of the celts was preceded by irregularities in 
the shape and the refractivity of the cells. 
In the present study, these morphologic 
changes were studied by dark-field illumina- 
tion with a cardioid condenser. 

* Published with the iierniissiou of the Chief 
Medical Director, Department of Medicine and 
Surgerj', Veterans Administration, who assumes no 
responsibility for the opinions expressed or con- 
clusions drawn by the author. 

1 Schrek, E., Itadiology, 194G, 40, 395. 

2 Schrek, B., J. Cell, and Comp. Physiol., 1946, 
28, 277. 


On dark-field examination of a fresh sus- 
pension of the thymus of a rabbit, most cells 
appeared filled with fine intranuclear gran- 
ules and a few cjdoplasmic mitochondria 
(Fig. 1). After irradiation of the suspension 
and incubation for 3.5 hours, about 32% of 
the cells developed one or a few small, dark, 
round structures which may be termed pri- 
mary vacuoles (Fig. 2). On dark-field e.x- 
amination, it was not possible to determine 
whether these structures were in the nucleus 
or cytoplasm. The vacuoles occasionally in- 
creased in size during observation. Some 
of them were surrounded by thick, bri'^ht 
circular walls. They caused the distortion of 
the shape of many cells. They were present 
in viable cells which resisted staining with 




Fig, 1. Cells in a suspension derived from tlie thymus of a rabbit. The cells have imiuiuer- 
able fine intranuclear granules and a few larger mitocliondria. A few cells show degenerative 
changes — small cytoplasmic bullae and thin cytoplasmic projections. Two granulocytes are 
shown. 

Fio. '2. Thymic ceil suspension, radi.ated (1000 r) and incubated for 3 hours at The 

cells have one or more primary vacuoles, some of which are surrounded by bright vacuolar walls. 
A few cells are distorted. 

FtG. 3. Thymic cell suspension, radiated flOOO r) and incubated 24 hours at 3T‘’C. The 
cells arc small, have relatively large secondary vacuoles and crescents of small and large granules. 
The cell walls are distinct. One norinai granulocyte is jiresent. 

Fie. 4. Thymic cell suspension incubated for 3 hours at 43°C. The cells arc sm.ill with fine 
and coarse granules. 

Fig. 0 . Thyniie cel! suspension treated with an equal roluine of distinct! water. The nuclei 
are darh, free of granules aird have a distinct nuclear wall. The granulocyte aj)pe:ir3 normal. 

ir.agnilicatiou in all figures is 1250 X. 


eosin. The spherical vacuolated cells had a 
greater average diameter than the non- 
vacuolated. 


In histologic sections of the suspension, ap- 
proximately 12% of the nuclei had large, 
acidophilic or slightly basophilic, Feulgen- 
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T^VBLE I. 

A Comparison of the Cliaraeteristics of Primary and Segoiulary Vacuoles. 


Itetliod of study 

Primary or early vacuoles 

Secondary or late vacuoles 

Dark-tield examination 

Cell 

Bound or irregular 

Usually increased in size 

Usually no cell wall 

Bound 

Usually small 

Cell wall present 

Vaeuole 

Single or multiple 

Small or large 

Usually have vacuolar wall 

Single 

Belatively large 

No vacuolar w.all 

Histologic section 

Intranuclear aeidopliilie area 

Pyknotic nucleus 

Method of unstained cell count 

Usually in viable cells 

In dead cells 


negative vacuoles surrounded by dense 
chromatin material in the shape of a ring, 
horse-shoe or crescent. The intranuclear 
vacuoles -in histologic sections correspond to 
the primary vacuoles observ'ed on dark-field 
e.xamination. 

Similar vacuoles "were observed both on 
dark-field examination and in histologic sec- 
tions of rat thymic tissue e.xcised 3 hours 
after irradiation in vivo. 

On dark-field examination of a suspension 
irradiated in vitro and incubated 24 hours, 
S6% of the cells were small, had a thick, 
bright cell wall and a crescentic, polar mass 
of fine and coarse granules. Each of the 
cells also had a single, relatively large, round 
or oval, dark structure which was termed 
a secondarx- vacuole (Fig. 3). Cells with 
secondary vacuoles stained readily with 
eosin and were evidently dead. In stained 
sections, most cells had pyknotic nuclei which 
corresponded with the secondary vacuoles 
seen on dark-field examination. 

-A. comparison of the primary and secondary 
vacuoles is given in Table I. It was usually 
possible to differentiate the 2 types of 
vacuoles on dark-field examination but in- 
termediate forms were sometimes observed. 

Xonirradiated suspensions incubated at 
37 °C also developed cells with primary and 
secondary vacuoles, but the rate of formation 
of the vacuolated cells was much slower. Ap- 
parently, irradiated and nonirradiated cells 
incubated at 37 °C were killed by the same 
mechanism but irradiation accelerated the 
normal degenerative process. 

In suspensions incubated at 45 °C for 3 
hours, the cells were dead and were filled 


with granules which appeared coarser and 
brighter than in the unincubated cells (Fig. 
4). On histologic e.xamination, many nuclei 
had large chromatin masses. The cells in- 
cubated at 45°C were apparently killed by 
a different mechanism (coagulation of pro- 
tein?) than those incubated at 37°C. Further- 
more, cytologic changes produced by heat 
were different from those induced by X-rays. 

Irradiated cells incubated at 45’C appeared 
morphologically identical and survived as 
long as nonirradiated ones. Radiation did 
not accelerate the cellular degenerative proc- 
esses at 45 °C. 

In view of Failla’s® theory that X-rays 
cause the absorption of water into the nucle- 
us, it is of interest to compare the effects 
of distilled rvater and of X-rays on lympho- 
cytes. Addition of water to an equal vol- 
ume of thymic cell suspension caused an im- 
mediate enlargement of the cells and a change 
in the nuclei which lost their granular ap- 
pearance and became dark ill-defined areas 
(Fig. 5). Later the nuclear walls became 
visible as thin, bright lines. Histologic sec- 
tions of thymic tissue incubated with water 
showed cells with vacuolated nuclei (Fig. I 
in Schrek^). In contrast, irradiated and in- 
cubated (37°C) cells in an isotonic solution 
suffered no morphologic change for 2 hours 
or more. After the latent period, there ap- 
peared small, dark, intranuclear vacuoles 
which enlarged and developed bright, vacu- 

.> Pallia, G., in Ward, H. B., .Same Fundamental 
Aspects of the Cancer ProUcm, The Science Press, 
Xen- York, 1937, p. 202. 

xSclirek, E., Am. J. Path., 1945, 21, 1101. 
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olar walls. Histologic sections showed vacu- 
olated nuclei. 

From the reports in the literature and 'the 
findings in this laboratory, it is possible to 
formulate a hypothesis on the action of 
X-rays on lymphocytes. Presumably, the 
radiation produced, in one or more foci in 
the nucleus, first a photochemical change, 
then a chemical reaction which caused the 
absorption of water into these foci with the 
formation of primary vacuoles. The vacuoles 
enlarged forcing the chromatin material 
peripherally. The ring of chromatin rup- 
tured at one point and then contracted re- 


sulting in a horseshoe shaped mass, a 
crescent and ultimately a small, round 
pyhnotic nucleus. 

Summary. Incubation of lymphocytes in 
suspension at 37°C produced primary and 
secondary vacuoles visible on dark-field ex- 
amination. Preliminary irradiation of the 
suspensions greatly accelerated this process. 
The addition of distilled water to lympho- 
cytes produced enlargement and vacuoliza- 
tion of the nuclei. The hypothesis is pro- 
posed that irradiation caused the absorption 
of water into one or more foci in the nucleus. 
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Human Infection with Rift Valley Fever Virus and Immunity Twelve 
Years After Single Attack.^ 

Albert B. Sabin and Richard W. Blitvberg. 

From the Children’s Eospital Fesearch Foundation and Department of Pediatrics, University of 

Cincinnati College of iledicine. 


The virus of Rift Valley Fever (a disease 
of sheep and cattle in Kenya Colony, British 
East Africa) was first isolated in 1930 by 
Daubney, Hudson and Garnham,’^ who also 
established its pathogenicity for human be- 
ings. Since that time there have been ac- 
cidental human infections in practically every 
laboratory in which this virus has been 
studied — 4 cases in Kenya^ in 1930, 4 cases 
in 1931 in London" and another in 1934,^ 

* This investigatiou was conducted with the aid 
of the Commission on Virus and Richettsial Dis- 
eases, Army Epidemiological Board, Office of the 
Surgeon Genera], TJ. S. Army, Washington, D.C. 

1 Daubney, E., Hudson, J. R., and Garnhani, P. 
C., J. Path, and Pact., 1931, 34, olS. 

a Findlay, G. M., Tr. Boy. Soc. Trap. Hied, and 
Syg., 1932, 25, 229. 

3 Findlay, G. M., quoted by Eatchen.o 
■i Schwentker, F. F., and Rivers, T. M., J. Exp. 
Med., 1934, 59, 305. 


in New York 1 case in 1932,^ 3 cases in 
1933® and 3 cases in 1934,® and at least 1 
case in Uganda^ in 1944 — a total of 17. The 
purpose of the present communication is not 
merely to record still another instance of ac- 
cidental laboratory infection, but rather to 
indicate (a) that a strain of virus which has 
had at least about 300 brain to brain pas- 
sages in mice has not undergone any modi- 
fication in the type of disease it can pro- 
duce in human beings, and (b) that neutral- 
izing antibodies for the virus can persist for 
at least 12 years after a single attack of 

5 Kitchen, S. P., .4 m. J. Trap. Med., 1934, 14, 
5*i7. 

6 Francis, T., Jr., and Magill, T. P., J. Exp. 
Med., 1935, 62, 433. 

' Smithbuin, K. C., personal communication con- 
cerning case at Vellow Fever Research Institute, 
Entebbe, Uganda, East Africa. 
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ACCIDENTAL HUMAN LABORATORY INFECTION WITH RIFT VALLEY FEVER' VIRUS ' 
WHICH HAS UNDERGONE ABOUT 300 OR MORE INTRACEREBRAL PASSAGES IN MICE 
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the disease without further exposure to the 
virus. 

The “K” strain of virus was obtained from 
Dr. N. Ishii of Japan in 1945 and was al- 
leged to be a strain of mouse-adapted dengue 
virus. However, studies, which will be re- 
ported at a later date, established that the 
“K” virus was a strain of Rift Valley Fever 
virus. The history of the virus prior to the 
time it came to be called “dengue” is not 
known, although it is known that Rift Valley 
Fever virus was brought into Japan from 
France for laboratory investigations. It was 
stated that the “K” virus had undergone 293 
brain to brain passages in mice since 1942 
and it had had S additional intracerebral 
passages in mice in Cincinnati, when the ac- 
cidental human infection to be reported here 
had occurred. One of us (A.B.S.) worked 
continuously with this virus from October 
26, 1945 until early January, 1946, without 
becoming infected or developing neutralizing 
antibodies for the virus. He resumed work 
with this virus on October 31, 1946 when 
he ground a number of infected mouse brains 
in a mortar and performed an intra-abdom- 
inal neutralization test in mice, at which time 
contamination of the skin or aspiration of 


droplets of virus might have occurred. Be- 
tween October 31 and the onset of illness on 
November 6, the only other activity related 
to this virus consisted of the daily examina- 
tion of the inoculated mice. 

A.B.S., who had been in good health, was 
awakened from his sleep at 5 a. m. on No- 
vember 6 by a very severe frontal headache. 
Acetylsalicylic acid and codeine were taken 
at that time and since they brought no re- 
lief, no more was taken during the course 
of the illness so that the temperature curve 
(rectal temperatures shown in Fig. 1) was 
not subsequently affected by antipyretics. 
The temperature did not rise until the late 
afternoon and evening. Severe aching in the 
muscles, bones, and joints, and anore.via were 
the only other symptoms which developed 
during the course of the day and persisted 
for about 48 hours. The temperature re- 
turned to normal on the 3rd day and only 
mild muscle aching and weakness remained. 
He was out of bed on the 4th day and back 
in the laboratory on the 5th day. The low- 
grade fever up to 99.9° on the 5th day was 
associated with a feeling of feverishness and 
slight malaise, but recovery was complete and 
uneventful thereafter. It may be of interest 
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TABLE 1. 

Immunological Identity of Virus Recovered from 
Patient “A.B.S.” and “K” Strain of Rift Valley 
Fever Virus. 


Intra-abdoiuiual Neutralization Test in Mice. 

Mortality in mixture \vith : 


Dilution of 
virus in 
mixture 

Normal 
rabbit serum 

“ K ” hyperimmune 
rabbit serum 

10-1 

— 

0,0, 0,0 

10-^ 

l-f-M-h, l-b, 1-b 

0, 0,0,0 

10-3 

l+,l+, l+.l-h 

0,0, 0,0 

10-1 

o o o q 

0,0, 0,0 

10-3 

o <> 2 2 

0,0,0 

10-« 

2 , 2 , o’ 0 

0, 0, 0, 0 

10-T 

3, 0,0,0 



* Eacli digit represents daj" of death of each 
mouse used in the test; 1+ = more than 24 but 
less than 36 hours; 0 = survival. 


to note that the following tests, for which we 
are indebted to Dr. S. Rapoport, carried out 
on the blood 6 days after onset revealed rio 
abnormality in liver function: Total bilirubin 
— 0.3 mg cephalin flocculation negative; 
phosphorus — 3.2 mg % and phosphatase — 
3.2 Bodansky units; total protein — 7.6 g 
with an albumin-globulin ratio of 2.8. 

Approximately 10 hours after the first ap- 
pearance of headache, blood was drawn and 
inoculated in mice — 0.5 cc of defibrinated 
blood intra-abdominally into each of 5 mice 
and 0.03 cc of the serum intracerebrally into 
each of 5 additional mice. All of these mice 
succumbed within 48 hours, and 3 successful 
serial passages by the intra-abdominal or 
intracerebral routes were carried out. Ex- 
tensive hepatic necrosis and acidophilic intra- 
nuclear inclusions were present in the liver 
cells of the first passage mice. The im- 
munological identity of the virus recovered 
from the blood of A.B.S. and the “K” strain 
of Rift Valley Fever virus was established by 
the results of the intra-abdominal neutraliza- 
tion test shown in Table I. Varying dilu- 
tions of mouse brain suspension containing 
the 3rd passage of the “.A.B.S.” virus were 
mixed with equal parts of “K” hyperimmune 
rabbit serum and for control a similar set 
was prepared with normal rabbit serum. 
.After incubation of the mixtures in a water 
bath at 37 °C for about one hour, 0.1 cc 
was injected intra-abdominally into approxi- 
mately 4-week-old Swiss mice. Some of this 
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same preparation of “K” hyperimmune rab- 
bit serum was sent to Dr. Kenneth Smith- 
burn at the Yellow Fever Research Institute 
in East Africa who reported that it neutral- 
ized their viscerotropic Rift Valley Fever 
virus. 

In order to determine how much virus was 
present in the blood at the beginning of 
the human infection, some of the serum ob- 
tained 10 hours after onset and kept frozen 
in a CO2 bo.x was titrated by intracerebral 
inoculation of mice. It was rather surpris- 
ing to find only 666 LD30 of virus per cc of 
serum (the titer was for 0.03 cc), in 

view of the demonstration by Kitchen® that 
the blood of sick mice contained at least 100 
billion LD50 of virus per cc. Another speci- 
men of the patient’s serum taken on the 5th 
day, coincident with the slight elevation in 
temperature, contained no virus but a def- 
inite, though small, amount of neutralizing 
antibody was already present (Table II). 

R.W.B. first began working with the “K” 
virus on October 30, 1946 and because he 
felt feverish (temperature not taken) and 
had a moderately severe headache on the 
night of November 5, his blood taken on No- 
vember 6 was inoculated in mice in the same 
manner and at the same time as that of 
A.B.S. However, no virus was recovered. 
The results of the neutralization tests against 
the “K” virus with the sera obtained from 
both A.B.S. and R.W.B., shown in Table II, 
indicate that only A.B.S. developed neutral- 
izing antibodies and that the titer in his case 
had risen from SO in the serum taken 4 days 
after onset to at least 1 ,585,000 in the serum 
taken 10 days later. The results of test B 
(Table II) are of especial interest because 
they suggest that after an initial high peak, 
the- neutralizing antibody drops to. a titer of 
about 1,000 and can then persist for at least 
32 years without any further e.xposure to 
the virus in the interim. Both K.C.S.t and 

t We are”lnSbteFtn)r. J. E. Smadel of the 
Array Medical School for this specimen of serum 
and to Dr. Kenneth C. Smithburn of the Rocke- 
feller Found.ntion for the details of the case. 

* We arc indebted to Dr. Thomas Francis, Jr., 
of'the University of Michigan for the sernm on 
this ease (described in reference 6). 


T.F.t suffered from accidental laboratory in- 
fections, and T.F. has had no further ex- 
posure to Rift Valley Fever virus since he 
stopped working with it in 1934. 

Discussion. The clinical features and the 
duration of the febrile phase of the illness 
reported in this communication are no dif- 
ferent from the human cases which resulted 
from exposure to lamb or early mouse-pas- 
sage virus. Kitchen® quotes a personal com- 
munication from G. M. Findlay regarding a 
human laboratory infection with virus which 
had undergone more than 400 successive pas- 
sages in mice, the route and tissue used for 
passage not being indicated however; this 
case probably had a more protracted course 
than usual since it is stated that the virus 
was recovered from the blood on the 6th day 
of illness. The absence of any appreciable 
modification in the virulence of this virus for 
human beings by approximately 300 or more 
intracerebral passages in mice is to be con- 
trasted with the rapid modification which 
occurs when dengue virus is passaged by this 
route in mice.® The chances for modifica- 
tion or mutation would appear to be much 
less for a virus, such as that of Rift Valley 
Fever, which, without requiring any prelim- 
inary adaptation, multiplies readily in mice, 
than for a virus which, like that of dengue, 
can be made to propagate in mice only rvith 
the greatest difficulty. The disease produced 
by the virus of Rift Valley Fever has pre- 
viously been compared to dengue,^ sandfly 
fever^ and influenza.*-® However, one of us 
(A.B.S.) having spent several years study- 
ing both dengue and sandfly (pappataci) 
fever, finds that human infection with Rift 
Valley Fever virus is clinically indistinguisha- 
ble from sandfly fever, but unlike the type 
of disease produced in the majority of human 
beings as a result of primary infection with 
various types of dengue virus. It has indeed 
been suggested* that what has in the past 
been diagnosed as 3-day fever or sandfly 
fever in certain parts of East Africa may 
very well be e.vampJes of Rift Valley Fever 
in man. Fortunately the differentiation is 

3 Sabin, A. B,, .and Sciilesinger, R. W., Science, 
1945, 101, 040, and unpublislied observations. 
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€asy in the laboratory since the blood of pa- 
tients, with sandfly fever or dengue, inocu- 
lated intra-abdominally in mice, is without 
effect, while in the case of Rift Valley Fever 
the mice die in about 2 to 3 days. 

Findlay® has previously reported the per- 
sistence of neutralizing antibodies for the 
virus of Rift Valley Fever for 4 to 5 years 
in laboratory workers, who, however, might 
have had further e.xposures to the virus. The 
present demonstration of the persistence of 
the antibodies for a period of 12 years, is an 
unusual e.vample of the duration of immuni- 
ty after a single attack without further ex- 
posure to the virus during the intervening 
years. 

Summary. 1. Accidental human labora- 

ol’indlay, G. IT., Brit. J. Exp. Path., 1936, 
17, SO. 


tory infection with a strain of Rift Valley 
Fever virus which had undergone at least 
about 300 intracerebral passages in mice, in- 
dicated that no modification in its patho- 
genicity for man resulted from this mode of 
passage. 

2. The virus was recovered from the blood 
10 hours after the first appearance of head- 
ache but titration revealed that the virus 
content was very low — only 666 LD50 per cc 
of serum. Four days after onset, no virus 
was detected in the blood, but neutralizing 
antibodies (inde.Y of SO) were already pres- 
ent and in the next 10 days increased to 
yield an index of at least 1,585,000. 

3. Neutralizing antibodies for Rift Valley 
Fever virus (index of 3,160) were found 12 
years after a single attack in the serum of 
an individual who had no further e.xposure 
to the virus during the intervening years. 
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Streptomycin in the Therapy of Granuloma Inguinale.* 1 

Robert B. Greenblatt, Herbert S. Kupperman, and Robert B. Dienst. 
(Introduced by G. L. Kelly.) 

From the Vniversity of Georgia Schoot of Medicine, Augueta, Ga. 


The use of antimonial preparations in the 
therapy of granuloma inguinale is well es- 
tablished. Its limitations, particularly in 
chronic cases, have long been known. Recur- 
rences of the disease have occurred with a 
great degree of frequency even after appar- 
ent healing was attained. Other forms of 
treatment have been employed alone or in 
conjunction with the antimonials and have 
ranged from the local application of escharotic 
agents to surgery and .x-radiation therapy. 
.Although cure may be attained by adhering 
to one or another of these procedures, much 
is to be desired in the management of this 
minor venereal disease. 

With the advent of the antibiotics it was 
hoped that a more adequate and specific 

‘Tills study was aided by a grant from the 
United States Public Health Service. 


therapy for granuloma inguinale might be 
evolved. Preliminary observation with peni- 
cillin and tyrothricin showed that these dru<rs 
were of little value. One to 4 million unfe 
ot penicillm administered for the e.xpressed 
pu^se of treating granuloma inguinale 
failed to control the granulomatous lesions. 
IjTothncm was also without effect when it 
was pplied locally in the treatment of 
granuloma inguinale. 


arreptomycm, however, has proved ■ 
strikingly effective in the therapy of gram 
oma inguinale that a preliminary report 
warranted at this time. A total of 23 p, 
tients has received streptomycin for gram 
oma inguinale. The diagnosis of the di 
ease was established in all cases by demoi 
strating the presence of Donovan bodies i 
either spreads made from the lesion or b 
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histologic study of biopsy sections.l It is 
to be emphasized that no other form of treat- 
ment was instigated. The daily doses em- 
ployed ranged from 0.3 to 1 g administered 
in 6' equal doses per 24 hours at 4-hour in- 
tervals. Total doses varied from 3.3 to 46 g 
given over a period of time extending from 
6 to ' 46 days. The patients to whom the 
drug was administered may be divided into 
3 groups: (1) untreated patients, (2) chronic 
cases inadequately treated over a period of 
years, (3) patients who had relapsed after 
an extensive course of fuadin or anthiomaline 
therapy. 

Daily smears made from lesions after strep- 
tomycin injections showed that Donovan 
bodies • could not be demonstrated S to 9 
days after administration of the antibiotic. 
Fusospirochetosis, often observed as a super- 
imposed infection, was controlled with but 
few exceptions within 48 to 72 hours. Heal- 
ing followed a general pattern and was usual- 
ly centripetal in effect. The extragenital 
lesions responded most rapidly to treatment. 
On the other hand, when moist, ulcerated 
areas were in constant contact with one an- 
other, as between the thigh and scrotum, re- 
sponse to therapy was slower. However, the 
Donovan bodies disappeared as rapidly in 
these recalcitrant lesions as in those that 
showed rapid clinical improvement. The le- 
sions ultimately were covered by depigmented 
scar tissue. 

Toxic reactions were noted in 2 patients. 

t A note of apprecnitiou is due Dr. Edgar B. 
Bund for the examination of these tissue sections. 


One occurred in a colored male 29 years of 
age after 10- days of administration of a 
total dose of 6 g of streptomycin. The toxic 
manifestations were e.xpressed as a febrile 
reaction associated with a maculo-papular 
rash of the extremities and malar regions of 
the face. In addition a fine vesicular erup- 
tion and edema of the lips were also ob- 
served. Pruritus accompanied the skin erup- 
tion. Fifty mg of benadryl administered 
twice a day failed to control or prevent the 
reaction from occurring when streptomycin 
was tried again. .Another patient developed 
a mild burning of the conjunctiva also after 
to days of treatment with a total dose of 
3 g of, streptomycin. However, after dis- 
continuing. the drug for 4 days, resumption 
of the same daily dose failed to cause any 
untoward symptoms. 

Follow-up examinations, while meager at 
present, indicate that relapses may occur. 
Two patients who had received less than 4 g 
of the drug returned with a recrudescence of 
the lesion. A third patient who had received 
28 g . suffered a relapse several months 
later. Donovan bodies were readily demon- 
strable in the recurrent lesions of these three 
cases. ]\Iore time must elapse before a 
true evaluation of the overall effectiveness of 
streptomycin can be established. Certainly 
the remarkable clinical improvement and the 
rapid disappearance of the Donovan bodies 
from the smears of patients are reassuring 
and indicate that streptomycin is the most 
effective agent available today for the treat- 
ment of granuloma inguinale. 



391 


15805 

Streptomycin in Treatment of Experimental Trypanosomiasis in White 
Mice and Chick Embryos.* 

Donald J. jNIerchant. (Introduced by iNI. H. Soule.) 

From the Hygienic Lahoratory, University of Michigan. 


The striking results obtained by the use 
of streptomycin and penicillin, in certain bac- 
terial diseases, has somewhat overshadowed 
their use against fungus and protozoan in- 
fections. With respect to trypanosomiasis, 
Neghme,' working with T. cruzi in mice, and 
Augustine, et al.;- investigating T. lewisi in 
rats, have reported completely negative re- 
sults in the treatment of experimental try- 
panosomiasis with penicillin. !More recently 
Schatz and colleagues^ have described an at- 
tempt to isolate an antibiotic active against 
T. equipcridum. In their work they found 
that a crude preparation of streptomycin im- 
mobilized the trypanosomes in freshly drawn 
rat blood but only when used in a concentra- 
tion greater than 1:200. .Anderson, Villela 
and Reed^ were unable to show cytolysis of 
T. cquiperidum by penicillin or streptomycin; 
and subtilin, in their hands, failed to pro- 
long the life of mice infected with this or- 
ganism. The use of streptomycin in human 
trjTDanosomiasis, particularly Chagas disease, 
has been somewhat limited but from informa- 
tion available,^ the results have been regular- 
ly disappointing. 

The following report presents the results 
of a study on the influence of streptomycin 
in experimental infections of mice and chick 
embryos with T. briicei, T. eqitiperidum and 
T. hippiaim.^ These flagellates are main- 

” Streptomyciu, as the hydrochloride, was made 
available for this study through the courtesy of 
llerck and Co. and Abbott Laboratories. 

1 Ncghme, Amador,, Science, 1945, 101, 115. 

- Augustine, D. L., ■Weinman, !)., and McAllister, 
J., Science, 1944, 09, 19. 

a Schatz, A., Maguuson, H. J., 'Waksman, S. A., 
and Eagle, H., Prog. Soc. Exp. Biol. .\nd Med., 
194G, G2, 143. 

4 Anderson, H. H., "Villela, G. G., and Eeed, 
E. K., Science, 1946, 103, 419. 

a Personal communication of Dr. M. H. Soule. 


tained in the laboratory stock culture collec- 
tion by serial passage in guinea pigs. In the 
present study the blood of infected rats was 
used as the source of organisms. 

Experimental Procedure. White Mice. 
White mice were inoculated subcutaneously 
with blood taken from the tail of an infected 
rat. Streptomycin was administered subcu- 
taneously at 3-hour intervals, for a period of 
4 days, beginning 24-36 hours after the pre- 
liminarj' inoculation. Total dosage ranged 
up to 16.000 units per mouse. Addinall® 
gives the LD^o* for mice as 750 mg per kg 
when given subcutaneously. Two control se- 
ries were included in each experiment; (1) 
the trend of the infection in untreated mice 
and (2) the to.xicity of the antibiotic for 
normal mice. The course of the disease was 
followed by making microscopical examina- 
tions of blood specimens taken, by snipping 
the tip of the tail, at 12- to 24-hour intervals. 
These e.xaminations were made with the aid 
of dark-field illumination and the number of 
trypanosomes per oil immersion field (diam- 
eter 145 /i) was determined and recorded. 

Chick Embyros. Fertile eggs, which had 
been incubated 10 days, were inoculated with 
heart’s blood from an infected rat. The ma- 
terial was injected directly into the yolk sac 
using a lV<-inch, 20-gauge needle and enter- 
ing from the air sac end of the egg. This 

i The original sources of the trypanosome strains 
used in this study were: (1) T. hrucei — lineally 
descended from the original isolation of Bruce 
(1S96). Obtained from Dr. Thomas, Liverpool 
School of Tropical Medicine, about 1900. (2) 

T. cguiperiduni — from Dr. A. L. Tatum, University 
of TVisconsin. (3) T. hippicum — from Dr. Herbert 
Clark, Gorgas Memorial Institute, Ancon, Cana! 
Zone. 

GAddiiiall, C. K., The Merch Seport, October, 
1945. 

t Leth.al dose for 50% of mice treated. 



392 


StreptomycixN in Experimental Trypanosomiasis 


The 


„„ ^ . TABLE I. 

Effect of Stroptomycin on Vnrious Trypanosome Infeetioiis in White Jffiee. 


Days after inoculation 

T. irucei + streptomycin 
” ” control 

T. equiperichtm + streptomycin 
” ” control 

T. liippicum + streptomycin 
” ” control 


2 

3 

4 

5 

6 

7 

8 

9 

O/s* 

1/ff 

15/f 

AOt 


Dead 



0/s 

1/s 

l/5f 

10/f 

\ 




1/3 

1/lOf 

3/f 

AC 

AC 

n 



1/s 

1/10£ 

2/f 

15/f 

AC 

ff 



0/s 

0/s 

1/s 

\ 

1/lOf 

10/f 

25/f 

Dead 

0/s 

0/s 

1/s 

\ 

10/f 

AC 

AC 



* 0/s = no trypanosomes present on slide, 
f 1/f = 1 trypanosome per oil immersion field, 
t AC = too numerous to .count. 

5 \ = no count made. 


TABLE 11. 


Effect of Streptomycin on Various Tiypanosome Infections in Chick Embrj-os.*^ 


Days after inoculation 

3 

4 

5 

6 

7 

8 

9 

T. briicei -f- streptomycin 

0/s 

o/s 

\ 

1/lOf 

5/f 

Dead 


” ” control 

0/s 

o/s 

\ 

2/f 

0/f 

3 3 


T. equiperidum -1- streptomycin 

O/s 

1/s 

2/f 

3/f 

15/f 

\ 

Dead 

” ” control 

0,/s 

1/lOf 

5/f 

10/f 

15/f 

\ 

3 f 

T. liippicum -)- streptomycin 

O/s 

\ 

o/s 

\ 

1/s 

1/f 

J 1 

” ” control 

o/s 

\ 

O/s 

V 

1/lOf 

l/3f 

J f 


* See footnotes to Table I. 


hole was immediately sealed with sterile par- 
affin. The streptomycin was introduced 
through the same opening as the original 
inoculation after thorough application of 
tincture of iodine to the paraffin seal. Three 
treatments were given every 24 hours for a 
period of 4 days. The hole was resealed 
after each injection of streptomycin. The 
total dosage in several instances was 40,000 
units. The same controls, i.e. normal in- 
fection and toxicity, were used as were in- 
cluded in the mouse series. 

Samples of blood, for microscopic e.xamina- 
tion, were obtained by nicking the shell of 
the egg with a carborundum disc previously 
treated with tincture of iodine.'^ The open- 
ings were made in a region rich in capillaries 
but not overlying the large vessels. The 
orifice was, in each case, carefully sealed with 
sterile paraffin. Uninfected embryos were 
subjected to the same treatment, sterile saline 
solution being substituted for the streptomy- 
cin. These embryos served to indicate dam- 
age due to trauma. The microscopic studies 
were made with the aid of dark-field illum- 
ination and the results recorded as previous- 
ly described. 

Results. Typical examples of the findings, 

7 Hood, Wary N., unpubUshed thesis. 


with the infection in mice, are presented in 
Table I. Each of the animals received 600 
units of streptomycin at 8:30 a. m., 11:30 
a. m., 2:30 p. m. and 5:30 p. m. and 1,600 
units at 8:30 p. m. for a period of 4 days, 
making a total of 16,000 units for each mouse. 

As shown by Table I, there was no signi- 
ficant difference in either the course or the 
duration of the tr37panosome infection in 
treated and untreated mice. In certain other 
e.xperiments, using T. brucei, a total quantity 
of 28,000 units of streptomycin per mouse 
was administered with the same results. The 
toxicity controls showed no ill effects from 
any of the quantities used. 

Table II gives a typical e.xample of the re- 
sults of the e.xperiments with chick embryos. 
Each embryo was treated with 2.000 units 
of streptomycin at 10:30 a. m. and 2:30 p. m. 
and 6,000 units at 5:30 p. m. for a period 
of 4 days, making a total of 40,000 units 
for each embryo.' 

The data in Table II clearly indicate that 
there was no significant difference in the 
course or duration of the infection between 
treated and untreated embryos. The toxicity 
controls survived and many hatched. 

The data recorded in this series of e.xperi- 
ments confirm the findings of Hood," who 
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made a thorough investigation of the course 
of infection of trypanosomiasis in animals 
and chick embryos with the same strains of 
organisms used in this study. 

Summary. White mice and chick embryos 
were infected with T. brucei, T. equipertdttm 
and T. hippicum. After a lapse of 24-36 
hours streptomycin was administered subcu- 
taneously to the mice and was injected into 
the yolk sac of the chick embryos. Each 


mouse received a total of 16,000 units and 
each chick embryo, a total of 40,000 units 
of streptomycin. The course of the disease 
was followed by microscopic examination of 
blood specimens taken at regular intervals. 
As far as could be determined, this antibiotic 
agent did not alter the course of the in- 
fections or prolong the life of the treated mice 
or embryos. 
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Low To.xicity of Sulfonamide Mixtures. II. Combinations of Sulfathiazole, 
Sulfadiazine and Sulfamerazine.* 

David Lehr. 

From ilie Department of Pharmacology, New Yorh Medical College, Flower and Fifth Avenue 

Sospitals, New York City. 


.\ new and simple approach to the pre- 
vention of renal complications caused by 
sulfonamides was presented in a previous 
communication.^ It consists in the use of 
mixtures of sulfonamides instead of single 
compounds. The idea emerged from the ob- 
servation that a saturated aqueous or urinary 
solution of a sulfonamide could still he fully 
saturated with a second and third sulfonamide 
of different molecular structure, each com- 
pound behaving as though it were present 
alone and exerting no influence on the solu- 
bilities of the others. Consequently, in solu- 
tions containing several sulfonamides, the 
maximum obtainable concentration appeared 
expressed by the sum of the solubilities of 
all the drugs present. This finding applied 
to the free compounds, as well as to their 
acetylated homologues. 

It was reasoned on the basis of this ob- 
servation that the danger of intrarenal forma- 
tion of sulfonamide crystals could be con- 
siderably reduced by employing combinations 
of partial dosages of 2 or more therapeutical- 

” This investigation has beeen aided by grants 
from the Josiah llacy, Jr., Foundation and the 
Schering Corporation, Bloomfield, N.J. 

1 Lehr, D., Proc. Soc. Exp. Biol, and Med., 
1945, oS, 11. 


ly equivalent sulfonamides instead of single 
compounds. The validity of this contention 
was demonstrated in e.xperimental and clinical 
studies with a mixture of sulfathiazole and 
sulfadiazine.-’® 

The present paper deals with the to.xicity 
of a sulfadiazine-sulfamerazine and a sulfa- 
thiazole-sulfadiazine-sulfamerazine combina- 
tion. It contains also some additional data 
on the sulfathiazole-sulfadiazine mixture, in 
particular a comparative quantitative estima- 
tion of intrarenal sulfonamide deposits from 
sulfathiazole, sulfadiazine, and their combina- 
tion. 

Materials and Methods. Four hundred al- 
bino rats from our own colony, 8-12 weeks old 
and weighing between 160-210 g were em- 
ployed in all e.xperiments with the e.xception 
of the study on chronic toxicity in which 
weanling rats were used. The animals were 
kept on a standard diet (Rockland Farms 
Rat Diet) and had free access to water. 

For determination of the acute toxicity, 
observation was continued for 5 days follow- 
ing a single intraperitoneal injection of the 
sulfonamides because of the well known de- 

2 Lehr, D., J. Urol., 1946, 55, 548. 

3 Lehr, D., Slobody, L. B., and Greenberg, W. B., 
J. Pediat., 1946, 29, 275. 
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TABLE I. . 


, . , JL. . * . . 

Comparative Acute Toxicity in ilale Albino Bats of Sodium Salts of Sulf-idiazinp I^r■,STl^ 
Sulfathiazole (NaST), Sulfamerazine (NaSMD), and Mixtures of 2 and 3 of TtsTco4no^^^^^^^^^ 


Drug, g/kg body wt 


Single intraperitoneal 
inj. of 

s 

Sulfonamide 
total amt 

No. of 
animals 

No. of dead 

% dead , 

Died rrifliin 
days 

XaSD, 

1.5 

1.5 

90 . 

76 


■2-4 

NaST, 

1.1 

1.1 

• 25 

16 

65 

1-4 

NaSMD, 

1.5 

1.5 

29 - 

15 

52 

1-3 

NaSD, 

0.75 I 

1.3 ■ 

60 

7 

12 . 

2-4 

NaST, 

0.55 j 






NaSD, 

0.75 j 

1.5 

30 

11 

37 

1-2 

NaSMD, 

0.75 J 






NaSD, 

0.54] 






NaST, 

0.42 1 

1.5 

30 

1 

3 

1-2 

NaSMD, 

0.54 J 







layed death from sulfadiazine, and to some 
extent also from sulfamerazine intoxication; 
As a rule S% aqueous solutions of the sodium 
salts of sulfathiazole, sulfadiazine, and sulfa- 
merazine were employed. Mixtures of two 
drugs were prepared- conveniently by mixing 
equal parts of the 5% solutions so that the 
final concentration was 2.5% each of sulfa- 
diazine and sulfathiazole, or sulfadiazine and 
sulfamerazine. If unequal amounts of 2 or 
3 drugs \yere used, as in the acute toxicity 
study with the sulfathiazole-sulfadiazine mix- 
ture, the initial concentrations of the indi- 
vidual drugs were so adjusted, that mixing 
of equal fluid volumes resulted in the desired 
final concentrations of the 2 or 3 components. 
Thus identical amounts of fluid were injected 
in all groups. In each test the toxicity of 
combined sulfonamides was evaluated sinml- 
taneously with the toxicity of equal or com- 
parable dosages of the separate components 
of the mixture. . 

Ten rats represented the minimum experi- 
mental unit. Subgroups of S animals each 
were placed into separate metabolism cages. 
The sulfonamide concentration in the blood 
was. determined from the tail vein of each 
animal, at least at one occasion, in order to 
eliminate rats injected inadvertently into the 
gut instead of intraperitoneally. In some e.x- 
periments the sulfonamide level in blood and 
urine was followed for 48 hours. 

In other studies groups of animals were 
killed at predetermined intervals of a 48- 


hour period. The blood was used for es- 
timation of the sulfonamide and nonprotein 
nitrogen level. The entire urinary tract was 
carefully inspected for the presence of crystal- 
line deposits. The kidneys were weighed and 
cross-sections examined under the lens, for con- 
crements in the pelvis and for intratubular 
drug precipitation. The sulfonamide concen- 
tration was then determined in the kidneys 
according to a procedure previously outlined 
in detail.^ 

The subacute toxicity was studied by re- 
peated intraperitoneal injections of sublethal 
dosages of the sulfonamides and their mix- 
tures. The level of nonprotein nitrogen and 
sulfonamide in the blood was determined re- 
peatedly and the total daily .drug e.xcretion 
in the urine was followed throughout the en- 
tire experimental period. 

The chronic toxicity was determined by 
incorporating the sulfonamides in various con- 
centrations and combinations into the pow- 
dered form of the standard diet! The e.x- 
periments were conducted with weanling rats 
weighing 60-80 g and planned for a period 
of 6 weeks. The food consumption was 
checked daily. The body weight of each ani- 
mal was recorded twice weekly. Blood con- 
centration and total urinary elimination of 
sulfonamide were determined at the same time 
intervals. The nonprotein nitrogen levels in 
the blood were estimated upon termination 

Lehr, D., and Antopol, W., a/id Cutan. 

Scv.y 1941, 45, o4o. 
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of each experiment and correlated with the 
pathologic-anatomical findings in the kidneys. 

In all e.xperiments, the surviving rats were 
killed by exsanguination in ether narcosis. 
Postmortem examinations were performed on 
these animals and as far as feasible also on 
rats succumbing during an e.xperiment. Spe- 
cial attention was given to changes in the 
urinary tract. The most important organs 
of representative animals were fixed in for- 
maldehyde for histological study. 

Determination of free and conjugated 
sulfonamide was carried out according to the 
method of Bratton 'and IMarshalP using a 
Klett Summerson photo colorimeter. All 
figures of drug concentration were expressed 
in terms of the free sulfonamides and not of 
their sodium salts. Obviously no differentia- 
tion could be made between sulfathiazole, 
sulfadiazine and sulfamerazine in determina- 
tions of mixtures in body fluids. However, 
these compounds have very similar molecular 
weights and, therefore, give almost identical 
colorimetric readings. 

Results. 1. .Acute Toxicity. A condensa- 
tion of the most important results from the 
acute toxicity studies is presented in Tables 
I and II and in Fig. 1. 

Suljadiazine-Suljathiazole Mixture. It is 
apparent from Table I that the extensive in- 
crease in the number of animals in the sulfa- 
thiazole-sulfadiazine experiment did not re- 
sult in any significant change in the mortality 
figures as compared to those originally re- 
ported.^ 

It was inferred from these results that the 
danger of renal blockage can be significantly 
reduced by the joint administration of sulfa- 
diazine and sulfathiazole in partial dosages. 
-Added proof for the validity of this viewpoint 
was derived from a series of e.xperiments con- 
ducted to determine the accurate amounts of 
sulfonamide present in the kidneys 4 hr., S 
hr., 24 hr., and 48 hr. after a single intra- 
peritoneal injection of the sulfadiazine-sulfa- 
thiazole mixture as compared to either com- 
pound when injected separately. 

It was found that intrarenal precipitation 

Bratton, A. C., and llarshall, E. K., Jr., J. Biol. 
Chcm., 1939, 128, 537. 
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Pig. 1. 

Graphic representation of the comparative absorption and excretion of sulfadiazine, sulfa- 
thiazole and a mixture of these two compounds in albino rats. 


of sulfonamide crystals occurred initially in ly the kidneys of these animals contained 
all groups, even in thos^ receiving only half less than one-tenth the amount of sulfonamide 
the dosages of either sulfathiazole or sulfa- expected on the basis of the values from the 
diazine alone. But there were highly sig- full dosages of the separate compounds (italic 
nificant differences in the quantity and dura- figures), and even this small amount is fully 
tion of intratubular crystalline deposition. accounted for by the general tissue concen- 
Table II summarizes one representative ex- tration, as apparent from the sulfonamide 
periment. The table demonstrates that after blood level. 

24 hours the rats injected with the sulfa- It was interesting to note that half the 
diazine-sulfathiazole mixture (Group 3) were dose of sulfadiazine resulted in more preci- 
practically free of renal drug deposits. Actual- pitation when administered separately than 
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TABLE III. 

Urinary Elimination of Single and Alised Sulfonamides After One Intraperitoneal Injection in 

Albino Rats. 

(Each value represents the mean from at least 10 animals.) 

% of administered dose excreted 
Dose, g/kg ■with urine in : 


/ ^ 


Drug 

Partial 

Total 

Sbr 

24 hr 

48 hr 

NaSD 


1.5 

1.9 

9.6 

16.0 

NaSMD 


1.5 

1.2 

5.4 

24.0 

NaSD 

.75 1 

1.5 

4.7 

21.0 

40.0 

NaSMD 

.75 j 





NaSD 

.541 





NaSMD 

.54 [• 

1.5 

9.0 

39.0 

50.0 

NaST 

.42 J 






TABLE IV. 

Comparative Subacute Toxicity in Male Albino Rats of Sodium Salts of Sulfadiazine (NaSD), 
Sulfathiazole (NaST), Sulfamerazine (NaSATD), and Mixtures of 2 and 3 of These Compounds. 

(The mortality figures are shown as they appeared when 100% mortality was reached in the 
sulfathiazole group, that is, after 4 injections.) 


Drug, g/kg body wt 
/ ' 
Daily intraperitoneal Sulfonamide 

inj. of total amt. inj. 

No. of 
animals 

% death 

Died ■within days 

NaSD, 

.9 

3.6 

15 

87 

2-5 

NaST, 

.9 

3.6 

15 

100 

1-4 

NaSMD, 

.9 

3.6 

20 

* o5 

3-5 

NaSD, 

.45 ( 

3.6 

10 

30 

3-4 

NaST, 

.45) 





NaSD, 

.45 ( 

3.6 

10 

0 


NaSMD, 

.45) 





NaSD, 

.3 ) 





NaST, 

.3 ) 

3.0 

10 

0 


NaSMD, 

.3) 






when given in combination with sulfathiazole. 
This jiaradoxical phenomenon can be ex- 
plained by the greater diuresis in the pres- 
ence of higher sulfonamide concentrations in 
the tubular urine. It is obvious that sul- 
fonamide mixtures retain the same osmotic 
value as equal concentrations of single com- 
pounds. Thus animals receiving the partial 
dose of onljr one component of the mixture 
are exposed to no less danger of oversatura- 
tion in the tubular urine, while at the same 
time they are deprived of the greater diuretic 
effect of higher sulfonamide concentrations as 
present in the urine of mixture animals. 

Mixtures oj Suljadiazine-Sulfameraziiie 
and Siilfadiazine-Sidfathiazole-Snlfamerazine. 
The low toxicity of these 2 combinations is 


illustrated in Table I. It can be seen that 
a mixture of 3 sulfonamides is significantly 
less toxic than a mixture of 2 compounds. 

The absorption and excretion of sulfona- 
mide combinations is exemplified in Fig. ’1. 
It is evident that a mixture of half dosages 
of sulfadiazine and sulfamerazine is more 
completely absorbed and excreted than either 
compound administered separately in the 
same total dosage. Similar observations were 
made with the mixture of sulfadiazine-sulfa- 
thiazole and the combination of all 3 sul- 
fonamides. The latter gave the most com- 
plete urinary recovery figures. 

In this connection, it should be kept in 
mind that excessive dosages of sulfonamides, 
which result in renal obstruction, are neces- 
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sarily much less completely eliminated with 
the urine than small amounts. Hence high 
recovery figures in the urine, as observed 
with sulfonamide combinations, can mean 
only diminished interference with renal elim- 
ination. In line with this interpretation. Ta- 
ble HI indicates that the percentage of urin- 
ary recovery is directly proportional to the 
number of sulfonamides in the combination, 
since any addition to this number results 
necessarily in smaller partial dosages of each 
component. 

2. Subacute Toxicity. The results of the 
studies in male albino rats are summarized 
in Table IV. .All 3 sulfonamide combinations 
are again conspicuous because of their low 
toxicity. 

comparison with Table I reveals that 
the results of the subacute e.xperiments were 
in good agreement with those of the acute 
study. This applied also to levels of non- 
protein nitrogen and sulfonamide in the blood 
as well as to urinary drug e.xcretion and 
autopsy findings. Identical acute and 
subacute toxicity studies with female rats 
were confirmatory, although female animals 
proved in general distinctly more sensitive 
to the sulfonamides. 

3. Chronic Toxicity. Studies with a sulfa- 
Ihiazole-sulfadiazine food mixture had to be 
abandoned because weanling rats submitted 
to almost complete voluntary starvation at 
sulfathiazole and at sulfathiazole-sulfadiazine 
concentrations of 5^ and even 3% in the 
diet. 

Sulfamerazine, although still less well tol- 
erated than sulfadiazine, permitted an intake 
at the 3% level in the food sufficient both 
for the survival of the rats and for the crea- 
tion of serious renal lesions. It should be 
stressed that at the same concentration the 
sulfadiazine food was consumed in larger 
amounts: accordingly, the voluntary intake 
of the sulfadiazine-sulfamerazine combination 
was in between the one of either compound 
given separately. The end result of a 6-we.ek 
feeding study is shown in Table V. 

Measured in terms of survival and inhibi- 
tion of grorvth, sulfamerazine would appear 
to be more toxic than sulfadiazine and the 


combination. In comparing sulfadiazine and 
the sulfadiazine-sulfamerazine mixture one 
might be misled by- the greater retardation of 
growth from the latter into considering the 
mixture more toxic than sulfadiazine. How- 
ever, if one compares the nonprotein nitro- 
gen and sulfonamide levels in the blood as 
well as the findings in the kidneys, it becomes 
immediately apparent that sulfadiazine like 
sulfamerazine is by far more toxic than the 
combination of the 2 drugs. 

The less significant growth inhibition in 
the sulfadiazine group was obviously due to 
the higher food consumption. Despite the 
simultaneously greater drug intake, the blood 
levels from sulfadiazine were throughout the 
e.xperiment lower than from sulfamerazine 
and the combination. Since there was little 
difference in the total urinary e.xcretion of 
sulfadiazine and sulfamerazine, it is obvious 
that sulfadiazine was slower and less com- 
pletely absorbed from the gastro-intestinal 
tract and faster excreted by the kidneys than 
sulfamerazine. Renal damage was very 
marked in the sulfadiazine as well as in the 
sulfamerazine group, whereas it was insig- 
nificant in the animals fed the combination of 
the 2 drugs. 

The fact that sulfamerazine may produce 
more concrement formation than a higher 
dose of sulfadiazine should serve as a warn- 
ing that renal complications may occur from 
sulfamerazine at least as readily as from 
sulfadiazine. Although this finding is in 
contrast to previous e.xperimental observa- 
tions,"-' it is strongly supported by growing 
clinical e.xperience."-® 

Discussion. The present study extended 
the e.xperimental evidence for the strikingly 
low toxicity of sulfonamide combinations 
from the sulfathiazole-sulfadiazine mixture 

0 Welch, A. D., Mattis, P. A., Latven, A. It., 
Benson, W. It., and Shields, E. II., J. Pharm. and 
Kxp. Therap., 1043, 77, 357. 

r Sehnjidt, L. II., Ilugiie-s, II, B., and Badger, 
E. A.. J. Pharm. and Exp. Therap., 1044, 81, 17. 

SFliiipin, II. P., ;,nd Iteinhoid, J. G., Ann. lat. 
.Mid., 194C, 2.-5, 433. 

3 Hagenuin, P, 0., Harford, C. G., Sohiii, S. .S., 
and Ahrens, It. E., J. .4. Jf. A., 1043, ISJ, 3-25. 
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sarily much less completely eliminated with 
the urine than small amounts. Hence high 
recovery figures in the urine, as observed 
with' sulfonamide combinations, can mean 
only diminished interference with renal elim- 
ination. In line with this interpretation. Ta- 
ble III indicates that the percentage of urin- 
ary recovery is directly proportional to the 
number of sulfonamides in the combination, 
since any addition to this number results 
necessarily in smaller partial dosages of each 
component. 

2. Subacute Toxicity. The results of the 
studies in male albino rats are summarized 
in Table IV. All 3 sulfonamide combinations 
are again conspicuous because of their low- 
toxicity. 

A comparison with Table I reveals that 
the results of the subacute experiments were 
in good agreement with those of the acute 
study. This applied also to levels of non- 
protein nitrogen and sulfonamide in the blood 
as well as to urinary drug excretion and 
autopsy findings. Identical acute and 
subacute toxicity studies with jeutale rats 
were confirmatory, although female animals 
proved in general distinctly more sensitive 
to the sulfonamides. 

3. Chronic Toxicity. Studies with a sulfa- 
thiazole-sulfadiazine food mixture had to be 
abandoned because weanling rats submitted 
to almost complete voluntary starvation at 
sulfathiazole and at sulfathiazole-sulfadiazine 
concentrations of 5% and even 3% in the 
diet. 

Sulfamerazine, although still less well tol- 
erated than sulfadiazine, permitted an intake 
at the 3% level in the food sufficient both 
for the surxdval of the rats and for the crea- 
tion of serious renal lesions. It should be 
stressed that at the same concentration the 
sulfadiazine food w-as consumed in larger 
amounts; accordingly, the voluntary intake 
of the sulfadiazine-sulfamerazine combination 
was in between the one of either compound 
given separately. The end result of a 6-week 
feeding study is shown in Table V. 

^Measured in terms of survival and inhibi- 
tion of growth, sulfamerazine would appear 
to be more toxic than sulfadiazine and the 


combination. In comparing sulfadiazine and 
the sulfadiazine-sulfamerazine mixture one 
might be misled by the greater retardation of 
growth from the latter into considering the 
mixture more toxic than sulfadiazine. How- 
ever, if one compares the nonprotein nitro- 
gen and sulfonamide levels in the blood as 
well as the findings in the kidneys, it becomes 
immediately apparent that sulfadiazine like 
sulfamerazine is by far more toxic than the 
combination of the 2 drugs. 

The less significant grow'th inhibition in 
the sulfadiazine group was obviously due to 
the higher food consumption. Despite the 
simultaneously greater drug intake, the blood 
levels from sulfadiazine were throughout the 
experiment lower than from sulfamerazine 
and the combination. Since there was little 
difference in the total urinary excretion of 
sulfadiazine and sulfamerazine, it is obvious 
that sulfadiazine was slower and less com- 
pletely absorbed from the gastro-intestinal 
tract and faster excreted by the kidneys than 
sulfamerazine. Renal damage w-as very 
marked in the sulfadiazine as well as in the 
sulfamerazine group, w'hereas it was insig- 
nificant in the animals fed the combination of 
the 2 drugs. 

The fact that sulfamerazine may produce 
more concrement formation than a higher 
dose of sulfadiazine should serve ,as a warn- 
ing that renal complications may occur from 
sulfamerazine at least as readily as from 
sulfadiazine. Although this finding is in 
contrast to previous experimental observa- 
tions,®-^ it is strongly supported by growing 
clinical experience.®-® 

Discussion. The present study extended 
the e.xperimental evidence for the strikingly 
low toxicity of sulfonamide combinations 
from the sulfathiazole-sulfadiazine mixture 

6 Welch, A. D., P. A., Latveu, A. E., 

Benson, W. JI., .-iud Shields, E. H., J. Pharm. and 
Exp. Therap., 1943, 77, 337. 

I Schmidt, L. H., Hughes, H. B., and Badger, 
E. A.. J, Pharm. and Exp. Therap., 1944, SI, 17. 

sPlippin, H. F., and Bcinhold, J. G., Ann. hit. 
Med., 1946, 25, 433. 

OHageman, P. O., Harford, C. G., Sobin, S. S., 
.and Ahrens, E. E., J. A. M. A., 1943, 123, 325. 
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to include combinations of sulfadiazine-sulfa- 
merazine,' and sulfathiazole-sulfadiazine-sul- 
famerazine. Confirmatory experimental re- 
sults were reported recently by other investi- 
gators.^®'^! In this connection it is of im- 
portance to stress that the toxicity of spar- 
ingly soluble sulfonamides is dependent up- 
on 2 factors. The onCj representing the true 
tissue toxicity, consists in the direct chemical 
action of the sulfonarm’des on the living cell; 
the other, as a function of solubility and 
renal clearance of these compounds, lies in 
the hazard of mechanical blockage in the 
urinary tract. 

Lately the factors influencing the preven- 
tion and) control of renal blockage from sul- 
fonamides were summarized in a lucid re- 
view by Scudi.^" The significance of renal 
obstruction in the over-all toxicity of hetero- 
cyclic derivatives of sulfanilamide was dem- 
onstrated in the animal experiment."*’^® It 
was also shown that measures which diminish 
the intrarenal formation of sulfonamide 
crystals*^ or remove deposits from the 
tubules*® will result in a most significant 
drop in the mortality. The low toxicity of 
sulfonamide combinations can, therefore, be 
interpreted in the light of experimental proof 
for a strongly diminished tendency to intra- 
renal precipitation, as due mainly to a de- 
crease in the renal factor of toxicity. This 
viewpoint is strengthened by the lack of evi- 
dence for any other mechanism of detoxifica- 
tion, since one would not expect pronounced 
changes in the true cellular to.xicity of closely 
related compounds if they retain their full 
antibacterial activity in combinations. 

In line with this interpretation was the 
further significant lowering of the toxicity for 

WWhitehead, B., Sect. Esp. Med. and Tlierap., 
A.H.A. Meeting, San Francisco, July 3, 1946. 

11 Frisk, A. K., Hagerman, G., Helander, S., and 
Sjogren, B., Nordisic Ucd., 1946, 29, 639. 

12 Scudi, J. V., Am. J. il. Se., 1946, 211, 615. 

13 Lehr, D., Antopol, W., and Churg, X, Science, 
1940, 02, 434, 

14 Lelir, D.. Snll. New Xorh Acad. Med., 1944, 
20, 424. 

15 Lehr, L., Froo. Soo. Exp. Biol, axd Med., 
1944, SO, 82. 


a mixture of J sulfonamides. It was obvi- 
ously due to the fact that the triple mixture 
contained necessarily smaller partial dosages 
of the individual compounds, resulting in a 
further diminution of the possibility of over- 
saturation and hence precipitation in the 
tubular urine. 

Since at the .bedside crystalluria was strong- 
ly decreased, even with mixtures of 2 sulfona- 
mides and in the absence of alkalization,®’®’® 
it seems justified to assume that one might 
safely dispense with the burden and disad- 
vantages®’*® of adjuvant alkali therapy when 
employing combinations of S sulfonamides. 

The unexpectedly high blood and urine 
levels obtained with mixtures, as well as the 
significantly greater recovery from the urine 
as compared to single sulfonamides, can be 
e.xplained by a more complete absorption of 
mixtures and the greater ease of their renal 
elimination. These findings were confirmed 
in extensive absorption and excretion studies 
with sublethal dosages of sulfonamide com- 
binations administered by the intraperitoneal 
and oral route. They proved that for any 
given sulfonamide the completeness of ab- 
sorption and urinary elimination was, within 
limits, inversely proportional to the size of 
the dose used. This behavior remained un- 
changed for each drug if several different 
sulfonamides were administered simultane- 
ously. In other words, in mixtures of sul- 
fonamides the body handles each compound 
as if it were present alone and in the amount 
contained in the combination. 

With regard to in vitro antibacterial ac- 
tivity, it was reported previously* that the 
sulfathiazole-sulfadiazine combination showed, 
essentially an additive effect and that in some 
instances the combination was even more ef- 
fective than either compound alone in equal 
concentration. Continuation of these experi- 
ments rendered identical results for a mix- 
ture of sulfadiazine and sulfamerazine, and 
a combination of all 3 compounds. How- 
ever, it should be remembered that these ob- 
servations were made in the test tube with 
equal sulfonamide concentrations, whereas 

Beyer, K. H., Peters, L., Patch, B. A., and. 
Busso, H. F., J. Pharmacol., 1944, 82, 239. 
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the administration of equal dosages of the 3 
sulfonamides and their combinations would 
result in greatly different drug concentrations 
in the living body. In accordance with the 
results of absorption-excretion studies, as 
exemplified in Fig. 1, sulfonamide mix- 
tures give high and well sustained blood 
concentrations and should, therefore, prove 
at least of the same if not of higher anti- 
bacterial value when compared with the same 
dosage of any one of their individual com- 
ponents in vivo. Although this viewpoint is 
well supported by clinical experience,--^ it re- 
mains to be accurately investigated in thera- 
peutic studies with experimental infections of 
laboratory animals. 

Summary. 1. In continuation of e.xperi- 
mental and clinical studies with mixtures of 
sulfonamides, the toxicity as well as the ab- 
sorption and excretion of the combinations 
sulfadiazine-sulfathiazole, sulfadiazine-sulfa- 
merazine, and sulfadiazine-sulfathiazole-sul- 
famerazine were investigated in albino rats. 

2. These combinations of partial dosages 
proved significantly less toxic than any one 
of their separate constituents in equal or 
comparable total dosage. The mixture of 3 


sulfonamides was less toxic than either com- 
bination of 2 drugs. 

3. The low toxicity of sulfonamide mix- 
tures was shovm to be due to the prevention 
of renal obstruction, resulting from a pro- 
nounced diminution in the intratubular 
deposition of sulfonamide crystals. 

4. ^Mixtures of sulfonamides were more 
completely absorbed and excreted than equal 
amounts of their individual constituents. 
Blood levels from mixtures were, therefore, 
distinctly higher than e.xpected on the basis 
of mathematical computations from the val- 
ues of single sulfonamides. 

5. It was reasoned on the basis of these 
experimental studies that the use of a mix- 
ture containing 3 sulfonamides in human 
therapy would almost completely eliminate 
the possibility of concrement formation in 
the urinary tract at the routine dose level. 
Hence, it would also obviate the necessity for 
adjuvant alkali therapy. 

The technical assistance of the Misses Helen and 
Buth Salzberg and Miss Catherine Russell is grate- 
fully acknowledged. 
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Surface Striations of Euglena gracilis 'Revealed by Electron Microscopy. 

Vincent Groupe. (Introduced by Geoffrey Rake.) 

From the Division of Microbiology, The Squibb Institute for Medical Besearch, New 

Brunswick. N.J. 


In the course of studying a variety of 
microorganisms with the aid of electron 
microscopy using the shadow casting technic 
of Williams and Wyckoff^ and the replica 
technic of Hillier and Baker^ a definite pat- 
tern of surface striations on the pellicle of 
Euglena gracilis was clearly revealed. The 
presence of such surface striations on this 

1 XVilliams, E. C., and AVyckoff, K. "W. G., Paoc. 
Soo. Exp. Bion. asd Mzd., 1945, 58, 265. 

2 Hillier, J., and Baker, B. F., J. Bact., 1946, 
52, 411. 


species suggests the possibility that many or 
all of the species of Euglena possess these 
markings in varying degree inasmuch as 
prominent surface striations have been de- 
scribed for other species of Euglena (e.g., E. 
viridis, E. oxyrus, and E. spirogyra.p 

Bacteria-free cultures of 4 physiologically 
different spiecies of Euglena gracilis, obtained 
through the courtesy of Dr. George W. Kid- 
der, were maintained by serial passage on 

3 Kudo, E. E., Sandbooh of Protozoology, 
Charles C. Thomas, Springdeld, HI., 1931, 117-120. 
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Fig, 1-4. 

Electron Jlicrograplis of Euglena gracilis Shadowed with Gold. 
Fig. 1. Sliadowed with 22.0 mg gold at the angle tangent 3/8.5. 
Magnification 3370 X. 

Fig, 2. Shadowed with 22.0 mg gold at the angle tangent 3/8.5. 
Magnification 7800 X- 

FiO. 3. Shadowed rvitb 21 iiig gold at the angle tangent 3/8.5. 
Magnification 3370 X. 

Fig. i. Shadowed with 24 ing gold at the angle tangent 3/9. Mag- 
nification 8530 X (collodion replica). 


tryptone acetate broth. Organisms for study 
were obtained from plate cultures of the vari- 
ous strains on tryptone acetate agar and were 
prepared for e.tamination in the electron 
microscope using the replica technic of Hillier 
and Baker.- Specimens thus prepared were 
shadowed with gold according to the technic 
of Williams and Wyckoff* using a shadow 
casting device designed and built by Dr. H. 
Sidney Newcomer. An RC.A. electron micro- 
scope (Type EMU) rvas used throughout 
these studies. 

It will be seen from the pictorial data pre- 
sented in Fig. 1 and 2 that groove-like stria- 
tions forming a regular pattern are present 


on the surface of Euglena gracilis. That these 
striations are located on the pellicle is evi- 
dent from the micrograph presented in Fig. 3. 
It will be seen that the cell has ruptured al- 
lowing the protoplasm to escape and had left 
the pellicle virtually intact thus clearly re- 
vealing the pattern of striations on the mem- 
brane. Furthermore, it would appear that 
the striations originate from a central point 
located on the side of the pellicle and spiral 
outward and around the organism producing 
a pattern suggestive of a fingerprint. The 
structure of such a central point is shown 
in greater detail in the collodion replica of 
a portion of the surface of an organism pre- 
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sented in Fig. 4, A similar, patlera. ot -sur- . 
face striations was observed on each of the 
4 strains of Euglena gracilis studied. 

Unfortunately, no intact flagella were ob- 
served and, although replicas of flagella were 


^occasionailv; .encountered,, no . evidence of 
structural differentiation was seen. 

Summary. A regular pattern of groove- 
like striations was observed on ’the pellicle of 
Euglena gracilis. 
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In vitro Sensitivity of Brucella to Streptomycin: Development of Resist- 
ance During Streptomycin Treatment.* 

Wendell H. Hall and Wesley W. Spink. 

From the Division of Internal Vnirer.^ity of Minnesota Hospitals anil Medical Schoolj 

Minneapolis. 


Like many other species of bacteria brucel- 
la are remarkably sensitive in vitro to the 
action of streptomycin.*'^ Experimental 
brucella infections in animals*-® have also 
been favorably influenced by the adminis- 
tration of streptomycin. However, the use 
of streptomycin in human brucella infections 
has not been attended by consistently favora- 
ble results.*'® The cause of this has not been 
elicited and there have been no reports in 
the literature of the development of resistance 
during the treatment of human brucella in- 

* Tins study was supported by grants from tlie 
American Medical Association and the t'nitod 
States Public Health Service and was carried out 
in the Laboratories oJ the Minnesota State Depart- 
ment of Healtli. The streptomycin was supplied by 
the Committee on Cbeinotherapeutic and Other 
Agents of the National Besearch Council. 

1 Jones, D., ^iletzger, H. J.. Schatz, A., and 
M'ahsman. S. .V., Science, 1944, 100, 103. 

-lYaksman, S. A., and Shatz, A., J. Am. Pharju. 
•4. (Scient. Ed.), 1945, 34, 237. 

3 Live, I., Sperling, F. G., and Stubbs, E. L., 
4m. J. M. Sc., 1946, 311, 267. 

■t Herrell, W. E., and Nichols, D. K., Proe. Staff 
Meet., Mayo Clin., 1945, 20, 449. 

3 Beimann, H. A., Price, A, H., and Elias, M'. P., 
Arch. hit. Med., 1945, 76, 269. 

<* Nichols, D. B., and Herrell, IV. E., J. A. .If. A., 
1946, 133, 200. 

t Keefer, C. S., J. A. If. 4., 1946, 132, 4. 

S Hall, W. H., Braude, A., and Spink, IV. IV., 
Staff Meet. Hull. Hasp, of Vniv. of Minn., 1946, 
18, 109. 


fections with streptomycin. The present re- 
port summarizes the results of numerous tests 
of the in vitro sensitivity of the 3 varieties of 
brucella to streptomycin. Studies are report- 
ed concerning a strain of Br. abortus which 
developed marked resistance to the action of 
streptomycin during the treatment of a pa- 
tient having subacute bacterial endocard.itis 
due to this organism. 

Methods and Materials. The method of 
testing the in vitro sensitivity of 40 strains 
of brucella was as follows; a loopful of a 
24-hour culture grown on a Bacto tryptose 
phosphate agarl slant was transferred to 10 
ml of sterile tryptose phosphate broth so as 
to give a suspension with a turbidity equal to 
that of a barium sulfate No. 1 standard. This 
suspension was then serially diluted to 10"® 
with tryptose phosphate broth. Pour plate 
eoleny counts indicated that this diluted sus- 
pension contained 30,000 to 300,000 viable 
cells per ml. Each of a series of 10 test 
tubes was inoculated with 4.4 ml of tryptose 
phosphate broth. To each of 9 tubes was 
added 0.1 ml of the 10^® dilution of brucella. 
The 10th tube was used as a sterility control. 
To all but the sterility control was added 
0.5 ml of streptomycin dissolved in sterile 
physiological saline, the amount of strepto- 
mycin added being sufficient to give a final 
concentration of 0.5 to 10 pg of streptomy- 
cin base per ml. The streptomycin solution 


t Difeo Laboratories, Detroit. 
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Pig. 1-4. 

Eleotroji Micrographs of Euglena graeilis .Shadowed with Gold. 
Pig. 1. Shadowed with 22.0 mg gold at the angle tangent 3/8.5. 
Magnification 3370 X. 

Pig. 2. Shadowed with 22.0 mg gold at the angle tangent 3/8.5. 
Magnification 7800 X. 

Pig. 3. Shadowed with 21 mg gold at the angle tangent 3/8.5. 
Magnification 3370 X. 

Pig. 4. Shadowed with 24 mg gold at the angle tangent 3/9. Mag- 
nification 8530 X (collodion replica). 


tryptone acetate broth. Organisms for study 
were obtained from plate cultures of the vari- 
ous strains on tryptone acetate agar and were 
prepared for e.vamination in the electron 
microscope using the replica technic of Hillier 
and Baker." Specimens thus prepared were 
shadowed with gold according to the technic 
of Williams and Wyckoff* using a shadow 
casting device designed and built by Dr. H. 
Sidney Newcomer. .A.n RCA electron micro- 
scope (Type EMU) was used throughout 
these studies. 

It will be seen from the pictorial data pre- 
sented in Fig. 1 and 2 that groove-like stria- 
tions forming a regular pattern are present 


on the surface of Euglena gracilis. That these 
striations are located on the pellicle is evi- 
dent from the micrograph presented in Fig. 3. 
It will be seen that the cell has ruptured al- 
lowing the protoplasm to escape and had left 
the pellicle virtually intact thus clearly re- 
vealing the pattern of striations on the mem- 
brane. Furthermore, it would appear that 
the striations originate from a central point 
located on the side of the pellicle and spiral 
outward and around the organism producing 
a pattern suggestive of a fingerprint. The 
structure of such a central point is shown 
in greater detail in the collodion replica of 
a portion of the surface of an organism pre- 
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TABLE-n. . 

Effect of Carbon Dioxide on in vitro Sensitivity of 
Brneella to Streptomycin. 

Minimum concentration of 
streptomycin completely 
inhibiting growth, 
yag/ml 

Variety of , 

brucella Aerobic 10% CO 2 

and strain conditions added 


Brucella abortus 

439 

1 

0 

553 

0.5 

1 

Brucella suis 

37 

0 

3 

SO 

0 

3 

88 

0 

3 

145 

1 

3 

616 

1 

3 


inoculum affected the concentration of strep- 
tomycin necessary to completely inhibit 
growth in vitro. The growth of strain 524 
of Br. abortus was completely inhibited by 
1 pg per ml when an inoculum of 30,000 cells 
was used but 4 pg per ml was necessary when 
the inoculum was 30,000,000 cells. The con- 
centration of streptomycin necessary to com- 
pletely inhibit the growth of brucella is also 
dependent upon the time factor. One loop 
subcultures taken at 24-hour intervals re- 
vealed that after 48 hours e.xposure to strep- 
tomycin 15 of 20 strains of Br. abortus were 
inhibited by a concentration of streptomycin 
equal to SQ% of that necessary to inhibit 
their growth after only 24 hours e.xposure. 
Subcultures at the end of 3 and 7 days re- 
vealed no further apparent increase in sensi- 
tivity. Similar observations were made with 
3 of 7 strains of Br. suis and one strain of 
Br. melitensis. Furthermore there was no 
evidence that prolonged incubation of bru- 
cella in contact mth streptomycin promoted 
the growth of streptomycin-resistant variants. 

It is of interest that in 2 patients with 
chronic brucellosis and bacteremia who failed 
to benefit from streptomycin therapy there 
was no evidence that this failure was due to 
the development of streptomycin-resistant or- 
ganisms. Nor was there any evidence that 
the presence of human serum reduced the 
in vitro sensitivity of these strains of Br. 
abortus to streptomycin. The first of these 
patients (P.L.) received 19 g of streptomy- 
cin intramuscularly in 9 days. Strain 424, 


Br. abortus-, was isolated from her- blood- 
stream before treatment and proved to be 
sensitive to 2 pg of streptomycin per ml. 
Strain 524 was isolated from her blood after 
8 days of streptomycin therapy and was 
equally sensitive. -The second patient (A.S.) 
was given 27.6 g of streptomycin intramus- 
cularly in 9 days. Strain 483, Br. abortus, 
was recovered from his blood before strep- 
tomycin therapy and was inhibited by 1.5 pg 
streptomycin per ml. Four months later 
strain 11-5 was isolated from his blood, and 
it showed no decrease in streptomycin sensi- 
tivity. 

However, in a third patient (K..E.) strep- 
tomycin resistance did develop during strep- 
tomycin therapy. This patient was a young 
farmer who developed acute brucellosis in 
1944. His symptoms remitted with sulfona- 
mide and vaccine therapy. However, his 
symptoms recurred 2 years later and were 
accompanied by signs of subacute bacterial 
endocarditis. Br. abortus strain 9-28 was 
isolated from his blood culture; it proved to 
be sensitive to 1.0 pg streptomycin per ml. 
He was then given 118 g of streptomycin 
intramuscularly over a period of 31 days. 
Strain 11-6 was isolated from his blood on 
the 29th day of streptomycin therapy. This 
strain grew in the presence of 7,500 pg of 
streptomycin per ml but its growth was in- 
hibited in the presence of 10,000 pg per ml. 
Br. abortus was isolated from his blood 4 
and again 5 days later; these cultures were 
equally resistant to streptomycin in vitro. 
One loop subcultures revealed the presence 
of a few viable brucella when these resistant 
cultures were e.xposed for 24 hours to con- 
centrations as high as 50,000 pg of strepto- 
mycin per ml in vitro. The patient was given 
large doses of sulfadiazine orally for 2J4 
months at the conclusion of his streptomycin 
therapy and at the present time his infection 
is apparently arrested. 

The streptomycin-resistant strain differed 
from strain 9-28 in several particulars. It 
grew much more slowly on tryptose phosphate 
agar and in tryptose phosphate broth. Its 
growth was particularly slow in the depth of 
tryptose phosphate agar pour plates, colonies 
not being visible until the end of 8 to 11 
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was preserved in the frozen state in a dry- 
ice freezing cabinet and showed no decline in 
activity as a result of storage for several 
weeks. Commercial streptomycin in the 
form of the sulfate or hydrochloride from 
several different producers was used. Each 
lot of streptomycin was checked for potency 
against a sensitive strain of Br. abortus. Af- 
ter the addition of the streptomycin each tube 
was mked thoroughly by rotation. The tubes 
were then incubated at 37°C. Unless other- 
wise stated the strains of Br. abortus were in- 
cubated under 10% CO 2 . After 24 hours 
incubation each tube was mi.xed and one 
standard loopful. was subcultured on a 
tryptose phosphate agar plate. The plates 
were incubated at 37°C (Br. abortus under 
10% CO 2 ) and, examined for colonies of 
brucella with a hand lens after 96 hours. 

The majority of the brucella cultures were 
tested for streptomycin sensitivity within a 
few days after they had been isolated from 
the blood of patients. In some cases the 
cultures had been" suspended in 10% horse 
serum and stored in the frozen state for sev- 
eral months. After a few transfers on tryp- 
tose phosphate agar each culture was tested 
to ascertain that it was smooth and had the 
biochemical characteristics of one of the 3 
varieties of brucella. We had the opportuni- 
ty of testing the sensitivity to streptomycin 
of cultures of Br. abortus isolated from the 
blood of 3 patients before, during and/or 
after streptomycin therapy. 

Results. In Table I are given the con- 
centrations of streptomycin which complete- 
ly inhibited the growth of 26 cultures of 
Br. abortus, 13 cultures of Br. suis, one stock 
culture of Br. meliteusis (of unknown origin) 
and one stock rough culture of Br. abortus. 
None of the patients had received streptomy- 
cin therapy prior to the isolation of the organ- 
isms. Inspection of Table I reveals that all 
the strains of brucella were very sensitive 
to the action of streptomycin in vitro with 
the exception of the rough stock culture of 
Br. abortus. At first glance strains of Br. 
suis appear to be more sensitive than most 
strains of Br. abortus. The difference lies 
in the fact that incubation under an atmos- 
phere containing 10% carbon dioxide re- 


TABLB r. 

Sensitivity of Brucella to Streptoni}'eiii iit gitro. 


Variety of 
brucella, 
aiul strain 

Max. couc. 
permitting 
growth, 
fig/ml 

Mia. eonc. 
completely 
mliibiting 
growth, 
Mg/mt 

Snicella abortus 



Stock 

O.o 

1 

83 

1 

0 

1G5 

— 

0.5 

04 

2 

3 

98 

1 

0 

104 

0 

3 

no 

2 

3 

132 

1 

.) 

3r2 

1 

0 

419 

1 

0 

424 

1 

2 

439 

1 

0 

449 

1 

0 

40/ 

2 

3 

483 

i 

1.5 

4S4 

3 

4 

4SS 

0.5 

0 

490 

2 

3 

495 

1 

2 

524 

0.5 

2 

o5’2 

O.o 

i 

607 

1 

2 

Grono (Bougli) 50 

100 

Rowe 11-9 

0.5 

1 

Sbadick 11-5 

1 

1.5 

Elstcd 9-28 

0.5 

1 

Brucella suis 

Stock 

1 

0 

67 

0.5 

1 

156 

1 

0 

263 

1 

0 

303 

0.5 

. 1 

300 

0.5 

1 

340 

0.5 

1 

450 

0.5 

1 

37 

0 

3 

80 

1 

2 

88 

1 

2 

145 

0.5 

1 

616 

0.3 

1 

Brucella melitcnsis 

stock 

1 

2 


duces the sensitivity of brucella, to strepto- 
mycin. Strains of Br. abortus which had 
been adapted to aerobic growth increased 
in sensitivity to streptomycin when the test 
was carried out aerobically. When strains 
of Br. suis were tested for streptomycin sensi- 
tivity in an atmosphere containing 10% car- 
bon dioxide streptomycin proved to be less 
effective in inhibiting their growth.^ The 
magnitude of the difference is shown in Ta- 
ble ir. 

It was also found that the size of the 
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ffldate from the mpts and the inside ot 
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ai'izing methods previously described* and 
hemolytic streptococci obtained from 
tonsils were studied serologically. The 
Giitribution of these cultures among Lance- 
poups is given in Table I. The re- 
ts of a similar study of hemolytic strep- 
iKocci from normal throats,^ carried out in 
•*'1944, is also included in Table I for 
P^^oses of comparison. 
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clays of incubation. Two distinct colony 
forms were noted: (1) A large colony type 
growing relatively rapidly, producing col- 
onies 2 to 3 mm in diameter in 48 hours. 
These colonies had a smooth surface and were 
very sensitive to the bactericidal action of 
human serum but grew in as much as 50,000 
^tg of streptomycin per ml. Gram stains re- 
vealed typical coccobacilli of uniform size and 
eosinophilic staining properties. They did 
not ferment the usual sugars and were ag- 
glutinated to a high titer by antibrucella rab- 
bit serum. This colony type formed only a 
small percentage of the total bacterial popu- 
lation. (2) A small colony form was much 
more numerous. Minute colonies 0.1 mm in 
diameter appeared in large numbers 4 to 5 
days after the resistant strain was streaked 
on the surface of a tryptose phosphate agar 
slant. They died quickly unless the in- 
oculum was heavy. They were relatively re- 
sistant to the bactericidal action of human 
serum but would not grow in vitro in the pres- 
ence of more than 7,500 jxg of streptomycin per 
ml. Gram stains revealed a mixture of bizarre, 
tiny, amoiphous, coccoid organisms staining 
only faintly red and large, dark red, coccoid 
forms. The small colony variant also had all 
the serological and biochemical characteris- 
tics of Br. abortus. Both colony types were 
smooth and grew only in the presence of 
added carbon dioxide. 

The resistance of strain 11-6 to streptomy- 
cin has not changed over a period of 3 months; 
during this period it has been transferred fre- 
quently on tryptose phosphate agar slants. 
This strain was streaked across the surface 
of a tryptose phosphate agar plate containing 
a heavy inoculum of sensitive Br. abortus, 
strain 524 and 3 fig streptomycin per ml. No 
satellite colonies of strain 524 appeared ad- 


colony variant remained resistant to 7,500 
ftg per ml. It is of interest that the in vitro 
growth of the resistant strain was stimulated 
by the addition of sublethal concentrations 
of commercial streptomycin. The stimulation 
of growth was particularly noticeable with 
concentrations of 50 to 1,000 ftg of strepto- 
mycin per ml. This phenomenon was ob- 
served in tryptose phosphate broth, meal in- 
fusion broth, tryptose phosphate agar and 
human serum. The growth of the small col- ^ 
ony form appeared to be stimulated more 
than that of the large colony form. No con- 
clusive evidence was obtained indicating that 
any similar phenomenon occurs when sensi- 
tive strains of Br. abortus were e.xposed to 
sublethal concentrations of streptomycin. 

Disetission. With the exception of one 
rough strain, all the brucella cultures tested 
proved to be very sensitive in vitro to strep- 
tomycin. Brucella appear to develop strep- 
tomycin resistance in vivo only after pro- 
longed streptomycin treatment. The situa- 
tion is analogous to that which obtains with 
M. tuberculosis and is presumably due to 
the slow rate of growth of brucella. It does 
not appear that the development of resistance 
to streptomycin by brucella can be the ex- 
planation for the frequent therapeutic fail- 
ures which have been observed after relative- 
ly short periods of streptomycin therapy in 
human brucellosis. While better therapeutic 
results might follow more extended periods 
of streptomycin therapy, the possibility of 
the ensuing development of streptomycin-re- 
sistant strains of brucella must also be con- 
sidered. It is reassuring however that one 
such streptomycin-resistant strain of Br. 
abortus was less refractory to the bactericidal 
action of human blood than its sensitive 
progenitor and remained sensitive to sulfa- 


jacent to the growth of the streptomycin- 
resistant strain. It was concluded that the 


resistant strain did not produce an extra- 
cellular, soluble, diffusible streptomycin in- 
hibitor. The apparent resistance of this strain 
in vitro decreased as the length of exposure 
to streptomycin was increased. Thus sub- 
cultures at the end of 7 days incubation re- 
vealed that the large colony form was m- 
hibited by 2,500 Mg ml but the small 


diazine. 

Summary. 1. A method for the in vitro 
testing of sensitivity of brucella to strepto- 
mycin is described. 2. The streptomycin 
sensitivity of 40 cultures of brucella isolated 
from humans is given. 3. Studies are report- 
ed concerning a strain of Br. abortus which 
developed marked resistance to streptomycin 
during the treatment of a patient having 
subacute bacterial endocarditis. 
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Serological Groups and Types of Hemolytic Streptococci Isolated in 

Puerto Rico.* 

A. PoiiAiES-LEBRox, P. IIoraees-Otero, and J. Baralt. 

From the Decpartment of Factcriotogy of the School of Tropical Jlcdiciiie, Sail Jiuiii, P.It. 


One hundred 'and si.xteen pairs of tonsils 
were studied bacteriologically. The purulent 
exudate from the crypts and the inside of 
each pair of tonsils were cultured separately 
utilizing methods previousljf described^ and 
the hemolytic streptococci obtained from 
these tonsils were studied serologically. The 
distribution of these cultures among Lance- 
field's groups is given in Table I. The re- 
sults of a similar study of hemolytic strep- 
tococci from normal throats,^ carried out in 
1943-1944, is also included in Table I for 
purposes of comparison. 

The tonsils yielded 62.8% cultures of 
^-hemolytic streptococci as compared wdth 
17.4% positives among the normal throats. 
This difference was due mainly to a much 
higher percentage of Group .A organisms ob- 
tained from tonsils (30.2%) than from nor- 
mal throats (1.2%). The proportion of 
tonsil strains belonging to groups other than 
A was only twice as large (32.6%) as that 
obtaining among the throat cultures (16%). 

Group B streptococci were obtained in 6% 
of the tonsils e.xamined. No Group B strains 
were isolated from the normal throats, but 
there e.xists the possibility of these being over- 
looked if present in sparse numbers. 

The distribution of the different Lance- 
field’s groups among the aerobic tonsillar 
flora is given in some detail in Table 11. 

When the distribution of strains of differ- 
ent Lancefield’s groups cultured from tonsils 
was compared with the distribution of strains 

* This work has been possible through a grant 
of the iusuhir Department of -Agriculture. 

I Pom.oles-Lebron, A., P. P. J. Pul?. Health ami 
Trap. Heit, 1929, 2, 190. 

- Poiiiales-Lebron, A., Damin, G. J., Pons, C., and 
Alorales-Otero, P., P. R. J. Pub. Health ami Trap, 
iiol., 1940, 2S7. 


previously obtained from normal throats,- it 
was observed that Group A organisms pre- 
dominated abundantlj-^ in 21 (60%) of the 
tonsils from which Group .A strains were cub- 
tured. Contrasting markedlj’^ with this, no 
Group .A strain were found in large number 
among the throats from which .A organisms 
were cultured. 

Group C organisms were abundant in 8 
(57.1%) of tonsils from which C strains were 
obtained and in 26 (36.1%) of the normal 
throats from w'hich C streptococci were iso- 
lated. 

Group G organisms were obtained in large 
numbers in 4 (28.4%) and in 5 (16%) re- 
spectively of the tonsils and normal throats 
from which G organisms Avere cultured. 

These figures may suggest that hemolytic 
streptococci of Groups G and C are of doubt- 
ful significance in the production of tonsil- 
litis, however, streptococci belonging to these 
serological groups are occasionally obtained 
in abundant numbers and in pure or prac- 
tically pure culture from diseased tonsils in 
the absence of any other common pathogen. 

No conclusions can be drawn concerning 
Group B and F due to the small number of 
strains. It is of interest, however, to observe 
that these streptococci can be occasionally 
obtained in pure culture from the pus in the 
erj^ts and the inside of tonsils. 

Our results agree closely with those re- 
ported by Keogh et al.^ in a similar study 
carried out in Alelbourne, .Australia. 

The serological typing of 95 strains of 
Group .A streptococci obtained from e.xcised 

3 Keogh, E. Y., ir.ocDon.ild, I., Battle, X, Sim- 
mons, B. B., and AVilUams, .S., Hrithh Med. J., 
1939, 3 , 103G. 

•1 Swift, H. P., AVilson, .A. T., and Laucctield. 
K. C., J. Exp. Med., 1943, 78 , 127. 
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Sensitivity of Brucella to Streptomycin 


days of incubation. Two distinct colony 
forms were noted: (1) A large colony type 
growing relatively rapidly, producing col- 
onies 2 to 3 mm in diameter in 48 hours. 
These colonies had a smooth surface and were 
very sensitive to, the bactericidal action of 
human serum but grew in as much as 50,000 
/tg of streptomycin per ml. Gram stains re- 
vealed typical coccobacilli of uniform size and 
eosinophilic staining properties. They did 
not ferment the usual sugars and were ag- 
glutinated to a high titer by antibrucella rab- 
bit serum. This colony type formed only a 
small percentage of the total bacterial popu- 
lation. (2) A small colony form was much 
more numerous. Minute colonies 0.1 mm in 
diameter appeared in large numbers 4 to 5 
days after the resistant strain was streaked 
on the surface of a tryptose phosphate agar 
slant. They died quickly unless the in- 
oculum was heavy. They were relatively re- 
sistant to the bactericidal action of human 
serum but would not grow in vitro in the pres- 
ence of more than 7,500 ^g of streptomycin per 
ml. Gram stains revealed a mixture of bizarre, 
tiny, amorphous, coccoid organisms staining 
only faintly red and large, dark red, coccoid 
forms. The small colony variant also had all 
the serological and biochemical characteris- 
tics of Br. abortus. Both colony types were 
smooth and grew only in the presence of 
added carbon dioxide. 

The resistance of strain 11-6 to streptomy- 
cin has not changed over a period of 3 months; 
during this period it has been transferred fre- 
quently on tryptose phosphate agar slants. 
This strain was streaked across the surface 
of a tryptose phosphate agar plate containing 
a heavy inoculum of sensitive Br. abortus, 
strain 524 and 3 streptomycin per ml. No 
satellite colonies of strain 524 appeared ad- 
jacent to the growth of the streptomycin- 
resistant strain. It was concluded that the 
resistant strain did not produce an extra- 
cellular, soluble, diffusible streptomycin in- 
hibitor. The apparent resistance of this strain 
in vitro decreased as the length of exposure 
to streptomycin was increased. Thus sub- 
cultures at the end of 7 days incubation re- 
vealed that the large colony form was in- 
hibited by 2,500 ftg per ml but the small 


colony variant remained resistant to 7,500 
jjtg per ml. It is of interest that the in vitro 
growth of the resistant strain was stimulated 
by the addition of sublethal concentrations 
of commercial streptomycin. The stimulation 
of growth was particularly noticeable with 
concentrations of 50 to 1,000 gg of strepto- 
mycin per ml. This phenomenon was ob- 
served in tryptose phosphate broth, meat in- 
fusion broth, tryptose phosphate agar and 
human serum. The growth of the small col- 
ony form appeared to be stimulated more 
than that of the large colony form. No con- 
clusive evidence was obtained indicating that 
any similar phenomenon occurs when sensi- 
tive strains of Br. abortus were e.xposed to 
sublethal concentrations of streptomycin. 

Discussion. With the e.xception of one 
rough strain, all the brucella cultures tested 
proved to be very sensitive in vitro to strep- 
tomycin. Brucella appear to develop strep- 
tomycin resistance in vivo only after pro- 
longed streptomycin treatment. The situa- 
tion is analogous to that which obtains with 
M. tuberculosis and is presumably due to 
the slow rate of growth of brucella. It does 
not appear that the development of resistance 
to streptomycin by brucella can be the ex- 
planation for the frequent therapeutic fail- 
ures which have been observed after relative- 
ly short periods of streptomycin therapy in 
human brucellosis. While better therapeutic 
results might follow more extended periods 
of streptomycin therapy, the possibility of 
the ensuing development of streptomycin-re- 
sistant strains of brucella must also be con- 
sidered. It is reassuring however that one 
such streptomycin-resistant strain of Br. 
abortus was less refractory to the bactericidal 
action of human blood than its sensitive 
progenitor and remained sensitive to sulfa- 
diazine. 

Stimtnary. I. A method for the in vitro 
testing of sensitivity of brucella to strepto- 
mycin is described. 2. The streptomycin 
sensitivity of 40 cultures of brucella isolated 
from humans is given. 3. Studies are report- 
ed concerning a strain of Br. abortus which 
developed marked resistance to streptomycin 
during the treatment of a patient having 
subacute bacterial endocarditis. 
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conclusions can be drawn concerning the 
distribution of the different types among the 
various sources. 

It must be noted that appro.ximately one- 
half our strains were untypable. Swift et al.^ 
state: “negative reactions may also be due to 
loss of type-specific IM substance after isola- 
tion of the strain. In some strains and types 
the Jil substance remains constant, but in 
others it may disappear rapidly during sub- 
culture on artificial media.” The extracts of 
the strains from excised tonsils were made 
from stock cultures kept on blood agar slants 
for many months. The fact that appro.xi- 
mately the same proportion of strains from 
different sources were imtypable suggests that 
this failure was not mainly due to degrada- 
tion i>t vitro of the organisms ndth loss of the 
M substance. There exists the possibility 
that these strains may be capable of losing 
their IM substance in vivo, or may belong to 
types other than those for which they ivere 
tested. 

Summary. A bacteriological study of 116 
pairs of e.xcised tonsils showed that 62.8^ 
harbored /3-hemolytic streptococci. In con- 
trast 70S cultures of normal throats similarly 
studied showed an incidence of 17.4% of 
this organism. This difference is due main- 
ly to a higher percentage of Group A strep- 
tococci (30.2%) found in excised tonsils as 
compared to 1.2% in normal throats. 

The proportion of streptococci cultured 
from e.xcised tonsils belonging to groups oth- 
er than A was twice as large (32.6%) as 
that obtained from normal throat cultures 
(16%). In typing 95 strains of hemolytic 
streptococci by the precipitin method de- 
scribed by Swift et al.^ representatives of 
types 44, 41, 1, 14, 19, 4, 36 and 39 were 
found. Appro.ximately half the strains were 
untypable with the serums tested. Types 44 
and 41 were most commonly found. 

t We are greatly indebted to Dr. B. C. Laucefleld 
for supplying tj-pe serums and homologous extracts 
for this study. Extracts from each of our strains 
were tested with the following type serums 12 3 
4, 5, 6, 8, 9, 11, 12, 13, 14, 15, 16, 17, 18,’ 19, 22* 
23, 24, 26, 28, 29, 30, 31, 32, 33, 36, 37, 38, 39, 
41, 43, 44, and 46. 
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xr , ■ „ . TABLE I. 

Hemolyti e Streptoeocci£rom 116 Pairs of Excised Tonsils and from 705 Normal Throats. 

Groups 


No. and % 

A 

B 

O 

Q 

positive 

Negative 

No. positive 

35 

7 

Tonsils. 

14 14 3 

73 

43 

% ” 

30.2 

6 

12 12 2.6 

62.8 

(37.2%) 

No. ” 

9 

Normal Throats. 

0 72 42 J 

123 

“ 582 

% ” 

1.2 

0 

10.2 6.0 ? 

17.4 

(82.6%) 


TABLE 11. 

Bistribtiott of Streptococci of Groups A, B, C, G, and F (Lancefield) Among the Aerobic Flora 
of Excised Tonsils. 


Distribution 


Cases in which this distribution 
occurred 

No. % 


Group A 

Abundantly predominating or in pure culture 21 

Numerous colonies, abundant growth Staph, aureus 3 

Pew colonies, Staph, aureus few colonies 2 

Few colonies; abundant growth Staph, aureus 3 

Few colonies ; abundant growth, of alpha strep. 3 

Moderate growth; moderate growth of alpha strep. 2 

Numerous; few colonies group G 1 

Group B ^ 

Abundant in pure culture 2 

Predominating abundantly in crypts, few colonies of group 
B inside 1 

Few colonies, abundant growth of Staph, aureus 2 

Numerous colonies, few colonies of Staph, aureus 1 

Moderate growth, sparse growth of Staph, aureus 1 

Group C 

Abundantly predominating or in pure culture 8 

Abundantly predominating in crypts, few group B colonies 
inside 1 

Few colonies, Staph, aureus abundantly predominating 3 

Pew colonies and Gram negative cocci predominating 2 

Group G 

Abundantly predominating or in pure culture 4 

Moderate growth. Staph, aureus predominating 5 

Predominating, few colonies of Staph, aureus 2 

Moderate growth with moderate growth of Staph, aureus 2 
Few colonies, abundant growth of group A 1 

Group F 

Abundantly predominating 1 

Numerous colonies mixed with abundant growth of Strep. 

uiridans 1 

Moderate growth and Gram negative cocci in sparse numbers 1 


60.0 

8.6 

5.7 

8.6 

8.6 

5.7 

2.8 


28.6 

14.3 

28.6 

14.3 

14.3 

57.1 

7.1 

21.4 

14.2 


28.4 

35.7 

14.2 

14.2 

7.1 

33 

33 

33 


* These figures refer to the percentage distribution of strains of the different groups among 
the tonsils from which organisms of that particular group were isolated. 


tonsils and other sources was attempted 
utilizing the method described by Swift et al.* 
The results are given, in Table III. 

Representatives of the following types were 
found among the strains tested: 44, _ 41, 1, 
14 , 19, 33, 4, 36 and 39. Approximately 


one-half of the cultures were negative with 
all the serums tested. t About the same pro- 
portion of untypable strains was isolated from 
the different sources. Types 44 and 41 were 
the ones more commonly encountered. The 
number of strains studied being too small no 
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TABLE I. 

Eernitnlariou Reactions* of Lanceneld.’s Group “B" Streptococci Obtained from Human and Eocine 

(Mastitis) Sources. 

ilannitol 


Xrlose 

Dulcitol 


Bhaninose 


Bovine strains 

Human strains 

1 

* 

T. 

X 

X 

X 

> 


■3 

i 

5 

Adonitol 

Erythritol 

Sorbitol 

Arabinose 

-Amigdalin 

9/5 

-r 

-f 

4- 

4- 

4- 

4 

- 


4 

4 

4 

— 

1/0 

-r 

-f 

4“ 

4“ 

4“ 

4 

- 

- 

— 

— 

“T" 

— 

1/0 

*r 

-r 

4- 

T 

— . 

4 



— 

4 

4 

— 

18/2 

4- 

4- 

4“ 

4* 

4 

4 

-• 

- 

— 

4 

4 

— 

1/0 

-r 

4“ 

4- 

4- 


4 

'■ 

- 

— 

:r 

4 

— 

1/0 

-r 

4“ 

4* 

4- 

— 

4 

- 


— 

±: 

4 

— 

1/0 

*4“ 

4“ 

4- 

4- 


4 

- 

- 

— 

4 

4 

— 

3/0 

-r 


4* 

4 


4 

- 

- 

— 

"1- 

4 

— 

3/5 


4- 


-i- 

4 

4 

- 

- 

xz 

4 

4 

— 

7/0 

4* 

4~ 

4“ 

4- 

4 

4 

- 

~ 

-i- 


4 

— 

0/7 

— 

4- 

+ 

4- 

4 

— 

- 


4 

4 

_L. 

• 



0/1 

— 

4“ 

4- 

4* 

4 
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zzz 
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T 
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Total Xo. of human strains examined — 20. 

Total Xo. of bovine strains examined — 50 
* Observations were made daily during a period of two weeks. 


TABLE II. 

Eernn nt.-'tion of Glycerol by Laneefield's Group 
“B” fttreptneocci of Human and Bovine Origin. 



Bovine 

Human 

No. and % of strains 

4 

^ 


No. 

9 

15 20 

12 6 2 

% 

IS 

30 52 

GO 30 10 


-r. Positive; ±, Doubtful; — , Negative. 
Period of observation — 2 weeks. 


The fermentation of glycerol is summarized 
in Table II. 

Simmons and Keogh^ reported that all 
their human strains fermented glycerol. They 
stated, however; “Fermentation of glycerol 
was not apparent until the third to the sixth 
day; a few strains did not ferment until 
later, up to the 14th day.” W'e found also 
that the fermentation of glycerol was much 
delayed. The positive strains took from 6 
to 13 days to ferment this substance. 

All our human strains fermented salicin 
overnight. Two of the bovine strains failed 
to ferment this substance and 3 gave a 
doubtful reaction after 2 weeks. 

No strains fermented mannitol, .xylose, 
dulcitol, rhamnose, adonitol, erythritol, sorbi- 
tol, arabinose or amigdalin. 

Twelve human strains showed the same 


fermentation reactions of one or more of the 
bovine cultures. 

None of the bovine strains and only 2 
human strains reduced methylene blue in 
1;5000 dilution. Twenty bovine strains and 
all the human strains reduced this dye in 
1; 20,000 dilution. 

All the bovine cultures and IS of the 20 
human cultures hydrolyzed sodium hippurate. 
No strains were able to split aesculin. 

Virulence jor mice. Fifty bovine and 20 
human strains were tested for virulence. The 
organisms were grown in 5 cc of trjptose 
phosphate broth (Difeo). The 18-hour 
growth was used for inoculation. -All the mice 
used came from the same colony and weighed 
from 16 to 20 g approximately. Two ani- 
mals were inoculated intraperitoneally with 
0.5 cc and 0.1 cc respectively of each cul- 
ture. After death the heart’s blood was cul- 
tured and if streptococci were present they 
were grouped by Laneefield’s method^^ 
utilizing Fuller extracts."’ 

Only 2 bovine strains (4%) killed mice 
when 0.5 cc of the culture was given intra- 
peritoneally. In both cases group B strep- 
^cci were recovered from the heart’s blood. 

n Lam-Cfield, R. 19337^77571 
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Biological Properties and Mouse Virulence of Streptococcus agalactiae 
and Lancefield s Group B * Streptococci from Human Sources.* 

A. Pomales-Lebron, P. Morales-Otero, and J. Baralt. 

From the Department of Dacteriology of the School of Tropical Medicine, San Juan, P.R. 


During a bacteriological study of cow mas- 
titis^ a large number of strains of Strepto- 
coccus agalactiae (Lancefield’s group B) 
were isolated. In the course of an investiga- 
tion of the bacteriology of excised tonsils 
Lancefield’s group B streptococci were iso- 
lated from 6% of the tonsils examined.- We 
have occasionally isolated group B strepto- 
cocci from other pathological conditions. Oth- 
er workers have isolated group B strepto- 
cocci from various pathologic processes in 
humans. The bovine udder has been sus- 
pected by some as the ultimate source of 
group B streptococci from human sources. 
Careful studies have been made by others’’'* 
in an attempt to prove or disprove this point. 
Further investigation is necessary to find 
more evidence that might throw- light on this 
problem. 

Fifty strains of Streptococcus agalactiae 
(Lancefield’s group B) isolated during the 
study of cow mastitis and 20 strains from 
excised tonsils and other human sources have 
been studied in detail and the results com- 
pared. 

Methods. Carbohydrate and other media. 
Beef heart infusion broth (Difco) was used 
as a basic medium with Brom-cresol purple 
as indicator. The carbohydrate solutions 
were sterilized by filtration and then added 
to S cc of the sterile basic medium to give 
a final concentration of 1%>. The sugar 
media were inoculated with one drop of an 
18-hour growth of the streptococci in beef 

” This work has been possible through .-i grant of 
the insular Department of Agriculture. 

1 Poinales-Lebron, A., Baralt, J., and Morales- 
Otero, P., in press. 

a Poinales-Lebron, A., ilorales-Otcro, P., and 


aralt, J., ia press. 

3 Brown, J. H., J. Fact., 1939, 37, 133. 

■1 Simmons, B. T., and Keogh, E. V., Anstroha 
Fxp. Biol, and Med. Science, 18, 151. 


heart infusion broth. The aesculin medium 
was prepared according to Diernhofer’ as 
cited by Plastridge et al.*^ 

The methylene blue milk medium was pre- 
pared containing 1:5000 final dilution of the 
dye as recommended by Avery'* and also con- 
taining the dye in 1:20,000 dilution. The 
hydrolysis of sodium hippurate was tested by 
growing the organisms in the original medi- 
um described by Ayers and Rupp’ as well 
as in that recommended by Coffey and Foley.® 

Grouping of streptococci. We used com- 
mercial grouping serums or antiserums pre- 
pared by us by immunizing rabbits with 
standard strains supplied by Dr. Lancefield. 
The extracts for the precipitin tests were 
made by Fuller’s*® method. 

Results. The fermentation reactions of all 
the human and bovine cultures are given in 
Table I. 

All the bovine organisms fermented lac- 
tose. Eight of the 20 human strains did not 
ferment this substance. All the human and 
bovine strains fermented dextrose, sac- 
charose, maltose, levulose, trehalose and 
galactose. The great majority of the cul- 
tures fermented these substances overnight 
All the human strains fermented dextrin, one 
bovine strain did not ferment this substance 
and 10 gave a doubtful reaction. 


3 Diernhofer, K., Milch-icirsteh. Forsclu, 1933, 
13, 368. 

« Pbistridge, W. K, Anderson, E. 0., Brigh.ini, 
G. D., and Spaulding, E. H., Stores Agric. Exp. Sta. 
Bull. 195, 1934. 

7 Avery, B. C., J. Exp. Med., 1939, 50, 463. 
s Ayers, S. H., and Bupp, P., J- Infect. Dis., 
1923, 30, 388. 

» Coffey, .1. M., and Policy, G. E., Am. J. Pub. 
Bcalth, 1937, 27, 927. 

10 Fuller, A. T., Brit. J. Exp. Path., 1938, 10, 
130. 
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Fig. 1. 

A. Glass mold. 

B. Completed latex rubber capsule removed from mold. 

C. V-sliaped platform for stabilizing tlie delivered kiduov while the capsule is being applied. 

D. Kelly licmostat with ends broadened by means of solder to stretch and hold the everted 
capsule during application to kidney. 

E. Operative field showing kidney in place on platform with stretched late.v capsule held 
over the kiduey prior to application. 

F. Sagittal section of kidney showing thick, tough capsule 57 days after late.v rubber capsule 
was tipplicd. Bubber capsule itself has been removed completely. 


about 90% of 60-day survivors. The con- 
venience and dependability of the method, 
particularly when large numbers of rats with 
stable hypertension are needed, makes it 
worthy of brief description. 

Met/tod. A. series of glass molds, resem- 
bling rats’ kidneys in size and shape, were 
made by fusing and shaping solid glass rods 
or tubes (Fig. lA). The molds were then 
dipped into liquid late.x and placed in a rack, 
stem downward, to dry. Three dippings, pro- 
ducing a thickness of approximateh’' 0.003 
inch, plus a heavier reinforcing coat applied 
with camel’s hair brush in the angle between 
the capsule and its neck made the rubber 
membrane suitably rugged and elastic. The 


completed capsules, still on the molds, were 
soaked in running hot tap water (45-50°C) 
for several hours to toughen the rubber, dis- 
solve residual protein, and assist “peeling- 
off” the finished capsules (Fig. IB), As- 
sorted sizes of completed capsules were stored 
in 75% alcohol until used. 

iVIale rats, weighing 190 to 200 g, were 
anesthetized with ether and fastened in the 
prone position (Fig. lE). The hair over the 
lumbar region was removed and the skin 
scrubbed with 75% alcohol. Through a 
single dorsal mid-line incision, 5 to 6 cm long, 
either kidney could be delivered by the usual 
approach, i.e. by cutting the subcutaneous 
fascia longitudinally and splitting the under- 
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None of the animals receiving 0.1 cc of the 
culture died during the 10-day period of ob- 
servation. Thirteen human strains (65%) 
killed mice when 0.5 cc of culture was in- 
jected intraperitoneally. 

Of these 13 strains 3 also killed when 
0.1 cc was inoculated. All the animals died 
in from 24 to 48 hours after inoculation. 

Summary and conclusions. The biological 
properties and mouse virulence of 70 Lance- 
field’s group B cultures {50 bovine and 20 
human) have been studied and compared. 
The fermentation reactions show that, aside 
from the inability to ferment lactose by S 
of the human strains and some difference in 
the fermentation of glycerol, dextrin and 
salicin, the reactions are ver}'^ similar for 
both groups. In some instances the biological 
properties studied were identical for strains 


of bovine and human origin. It has been 
observed with the majority of strains that 
the differences between single' bovine and 
human cultures were not greater than those 
between individual strains from the same 
source. 

There is an indication that human strains 
are more likely to reduce methylene blue. 

It is known that the mouse virulence of 
group B streptococci is low. Inoculation of 
the 70 cultures studied into mice gave re- 
sults which indicated that the strains from 
human sources possessed a higher mouse 
virulence than the bovine strains. 

In spite of minor differences between cul- 
tures from bovine and human origin, tbeir 
similarity in other respects points to a close 
relationship between these organisms. 
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Latex Rubber Capsule for Producing Hypertension in Rats by 

Perinephritis. 


Morris Abrajis and S. Sobin. (Introduced by E. M. Landis.) 

From the Department of PJtpsiology, Harvard Medical School, Boston, Muss. 


In studies of dietary choices by hyperten- 
sive rats^ it was necessary to produce large 
numbers of animals with graded and per- 
sistent hypertension. Constricting perineph- 
ritis was the method of choice for several 
reasons but the use of cellophane,^-* collodion® 
or silk®'® in young rats is technically diffi- 


1 Abrams, M., and L.andis, E. JI., to-be pub- 
lished. 

sCIuinutin, .A., and Fcni-S E. B., Jr., Arch. Int. 


Med., 1932, -10, 761. 

sPriednian, B., Jarman, J., and Kienipcrer, P., 
Am. J. Jled. Sci., 1941, 202, 20. 

4 SciiroL'der, H., J. Fxp. Med., 1942, 75, 513. 
sGrollman, A., and IVilliams, J. R.. Jr., .4m. J. 


died. >S'ci., 1942, 204, 73. 

oKempf, G- S'-; a*"! 
CfCii. Med., 1942, 27, 1192. 


cult, the mortality is high, and the results 
are variable. Partial nephrectomy- could not 
be used because of the accompanying trauma 
and renal insufficiency. Simple compression 
of the renal artery had the disadvantage of 
technical difficulty coupled with later de- 
velopment of collateral circulation. 

Enveloping the kidneys of young rats in 
molded pure gum latex capsules had previ- 
ously been used to produce hypertension in 
a f6w animals in this laboratory." This pa- 
per describes more complete experiments, in- 
dicating that this method can produce per- 
sistent hypertension ranging from 165 to 240 
mm Hg at the end of 2 or 3 weeks in at 
least 70% of the total operated rats and in 

rSoimi, S., -Im. .7. Physiol., 1940, 140, 170. 
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Fig. 2, 

Charts sliowing systolic blood pressures of control rats, of sli.am-operated rats, .and of rats 
with pcriiicphritie hypertension due to bilateral ajiplicatiou of rubber capsules. 


TABLE II. 

Comparison of Blood Pressures Measured (a) plethysmographieally and (b) by Hamilton 

manometer. 



Indirect readings 
(pletliysmograpli 
on tail) 
Systolic 
mm. Hg 

Direct readings 
(Hamilton manometer, 
femoral artery) 

Systolic 
mm Hg 

Diastolic 
mm Hg 

Control rats 

125-130 

130-140 

SO- 85 


125.130 

125-140 

S5- 90 


115-120 

115 125 

80- 90 

Sham-operatecl rats 

122-127 

120-130 

90- 95 

(ilO-)- days iiost-op.) 

105-110 

100-115 

60- 70 


125-130 

130-140 

SO- 90 

Rats with bilateral latex rubber capsules 

185-190 

190-210 

100-120 

(604- davs post-oii.) 

205-210 

190-220 

110-130 


200-205 

200-210 

140-150 


165 mm Hg or more was regarded as sig- 
nificant, i.e. any animal showing a rise less 
than 35 mm Hg above the highest single 
reading ever observed in parallel control ani- 
mals was recorded as a failure. 

The results for a total of 47 operated rats 
have been combined in Table I. .As 
might be expected, experience led to improved 
results in the second series. In the first group 
mortality was 30%, in the second 10%. 
Similarly the incidence of significant hyper- 
tension was greater in the second and tech- 
nically superior series. Severe hypertension 
(systolic blood pressures betrveen 185 and 
240 mm Hg) developed in 70% of the second 


series; moderate hypertension (165 to 185 
mm Hg) in 20%. 

Fig. 2 compares, for the second series, the 
highest single blood pressure, the lowest single 
blood pressure, and mean pressures for (a) 5 
control rats, (b) 5 sham-operated rats, and 
(c) the 9 successfully operated rats all of 
which developed significant hypertension. 
The sham operation produced only a transi- 
tory increase in the systolic pressure of a 
fe%v animals, while mean pressure for the 
group was not modified. .Applying the latex 
capsules led to a clear increase in mean pres- 
sure by 2 to 3 weeks after operation and all 
of the animals were clearly developina hy- 
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TABLE I. 

Byatolie Blood Pressures (Indirect) 60 Days After ‘Appiying Latex Bubber Capsules Bilateraih-. 



First 

s<?rjes 

Second 

series 

Totals, 
both series 

%, both series 
together 

Total Mo. operated 

37 

10 

47 

100 

Deaths — 1 to 30 days 

1 to 5 days post-op. 

7 

0 

7 


0 to 30 days post-op. 

4* 

1 

0 

25.5 

Survivors— -30 days or more 

Systolic blood pressurest 

185 to 240 nim Hg 

13t 

7 

20 

42.5 

165 to 185 mm Hg 

10$ 

2 

12 

25.5 

135 to 165 (failures) 

3 

0 

3 

6.0 


* Sacrificed 30 days after- operation because of infected ^Yovmds and/or cMaeiatiou. 
t Concurrent control rats, 11 in all, liad systolic blood pressures ranging from 100 to 130 
mni Hg. 

f One died 57 days after operation in set'cre cardiac failure. 

5 One died 42 days after operation \ritU gross hematuria and acute urinary retention. 


lying dorsal muscle mass by blunt dissection. 
In addition, splitting the muscles close to 
the vertebra! column avoided undue stretch- 
ing of the renal vessels during further manipu- 
lation of the kidney. 

The upper and lower poles of the kidney 
' were freed gently from the adrenal glands 
and perirenal fat by blunt dissection. De- 
capsuiating the kidneys decreased the imme- 
diate postoperative mortality from rena! in- 
sufficiency and was accomplished by nicking 
the capsule and peeling it toward the bilus 
with tissue forceps. Any oozing of blood was 
readily controlled by gentle pressure with a 
moist sponge. 

The liberated and decapsuiated kidney was 
then placed on the platform (Fig. IC and E) 
with its pedicle in the V-shaped cleft. The 
soft rubber covering of this platform reduced 
trauma and prevented slippage. A rubber 
capsule of a size which would snugly enclose, 
but not compress, the kidney was rinsed free 
of all alcohol in warm Ringer’s solution and 
placed in the everted position over the 
widened end of the hemostat used as an ap- 
plicator (Fig. ID and E). With the handles 
of the hemostat spread, the widely expanded 
rubber capsule was brought down over the 
kidney and the ends of the applicator pushed 
firmly against the kidney platform. 

The lower free border of the everted cap- 
sule was drawn' over the lower pole of the 
kidney by means of forceps, after which the 


other end of the capsule applicator was quick- 
ly turned inward, causing the upper end of 
the capsule, guided by forceps, to snap in 
place over the upper pole of the kidney. The 
loose neck of the capsule did not compress 
the renal vessels or ureter. The first kidney 
having been replaced, the other was treated 
similarly at the same operation and 
the rats were placed in individual metabolism 
cages for recovery. If oliguria or gross 
hematuria appeared during the night, 5 cc of 
Ringer’s solution were given intraperitoneai- 
)y and repeated again in 12 hours. 

Sham operations, including all steps ex- 
cept the final snapping on of the latex cap- 
sule were performed in S animals. Systolic 
blood pressures in control, sham-operated 
and experimental rats were measured indi- 
rectly twice weekly by the plethysmographic 
technic described by Sobin,' All rats re- 
ceived Purina laboratory chow and water 
ad //d. 

Restdts. Table I summarizes results ob- 
tained 60 days after bilateral application of 
!ate.x rubber capsules in (a) an e.xploratory 
series of 37 male rats and (b) a more com- 
pletely studied and technically superior se- 
ries of 10 male rats. The highest nor- 
mal systolic blood pressure in a parallel con- 
trol series of H male rats was 130 mm Hg, 
the lowest 100 mm Hg. Because small 
changes in blood pressure are apt to be mis- 
leading, a rise of systolic blood pressure to 
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ly infected with the virus of Lymphogranu- 
loma venereum and fractions thereof were 
treated as shown in Table I. Fraction A was 
prepared by the method in use in these lab- 
oratories for the routine production of Lym- 
phogranuloma venereum skin testing anti- 
gens. Fraction B was prepared in identical 
manner. Fraction C was treated at 37°C 
for 3 weeks with phenol in a final concentra- 
tion of O.Sfc. This procedure effected en- 
hancement of complement-fixing activity." 
The final dilutions of Fractions .A. and C 
contained 0.5% phenol and 1-20,000 merthi- 
olate as preservatives, while Fraction B con- 
tained only merthiolate. Control material 
for each fraction was prepared in identical 
manner from normal yolk sac membranes (in 
appro.ximately the same stage of develop- 
ment) for simultaneous testing. 



When all preparations had passed the nec- 
essarj- tests for sterility and inactivation of 
virus, they were tested on clinically and sero- 
logicalh' positive cases of Lymphogranuloma 
venereum, using the 1-500 dilutions of each 
preparation on each of several patients, the 
1-2000 dilutions on each of another group 
of patients and the 1-8000 dilutions on each 
of a third group. Such a procedure was fol- 
lowed to rule out differences in individual 
response to the same test material. The 
test dose of each preparation was 0.1 ml in- 
jected intracutaneously on the flexor surface 
of the forearm. The reactions were recorded 
at 2- and 7-day intervals following injection. 

Results. Some patients show, during the 
first 2 or 3 days following the test injection, 
a more or less extensive edematous, ery- 
thematous area with or without induration. 
The erythema may recede fairly rapidly, 
leaving a characteristic er\'thematou 5 papule 
which regresses slowly with or without cen- 
tral necrosis, requiring several weeks for its 
comp'ete disappearance. This more per- 
sistent reaction, as seen one week after in- ' 
jection, was thought to present a more relia- 
ble criterion for the comparative evaluation 
of the various preparations. Table I, there- 
fore. shows only the 7-day readings. The 
product of the axes of the erythematous 
papule in mm was used as a basis for scoring 
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pertension by 3 weeks after operation. 

Systolic blood pressures having been fol- 
lowed by repeated indirect measurements for 
60 days, these conclusions as to the severit)'- 
of the hypertension were verified by direct 
determinations using the Hamilton manome- 
ter. Three rats of each group were lightly 
anesthetized by injecting intraperitoneally 
3 rag sodium pentobarbital per 100 g body 
weight. Their pressures were measured (a) 
plethysmographically and (b) immediately 
afterward directly from the femoral artery. 
Table II summarizes this comparison and, 
within the usual respiratory variations of 
blood pressure when a tracheal cannula is not 
used, shows the quantitative accuracy of con- 
clusions drawn from previous indirect meas- 
urements. 

Comment. The pathogenesis of hyperten- 
sion in these animals appears to be similar 


to that produced by other chronically irrita- 
tive materials such as silk or cellophane. 
Within a few daj's after the application of 
the rubber capsule the superficial tissues of 
the renal corte.x reacted by forming first a 
fibrinous, then a definitely fibrous, envelope. 
The latter can become very thick and tough 
as shown in Fig. IF. In this specimen the 
latex capsule has been applied to the kidney 
57 days before. The microscopic changes 
were also similar to those produced by other 
types of irritative capsule. Similar results 
have also been observed in a few rabbits. 

Summary. Enclosing both kidneys in 
molded latex rubber capsules to produce 
perinephritis can be recommended for its sim- 
plicity and effectiveness, particularly when 
large numbers of hypertensive rats are re- 
quired. 
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On Use of Urea- and Phenol-Treated Skin Test Antigens for Diagnosis of 
Lymphograntdoma venereum. 

Clara Nigg, A. W. Grace, and JIaurice R. Hilleman. 

From the Virus laboratories, E. It. Squibb and Sons. Xcw Brnnswich, and Long Island 

College Hospital, Brooklyn, N.T. 


It has been shown in an earlier report from 
this laboratory^ that urea in concentrations 
of 1 to 2% inactivated the virus of Lympho- 
gramdotna venereum in 10% yolk sac sus- 
pensions prepared from infected chick em- 
bryos. Suspensions so inactivated with urea 
were satisfactory both as complement-fixing 
and skin test antigens. Urea-inactivated skin 
test antigens (containing 0.25% phenol and 
1-20,000 merthiolate as preservatives) have 
been prepared in these laboratories for 
clinical testing for over 4 years.^-s 

1 Nigg, 0., Proc. Soc. Exp. Biol, -ixd JIed., 
1942, 49, 132. 

2 Grace, A. W., Bake, G., and Shaffer, JI. P., 
PMC Soc Exp. Biol, anb JIed.. 1940, 45, 2o9. 

TLlr.d.E.,X/Duna«ot., 1944,40. 63. 

4piorni:.n, A. E., d- Immunol.. 194o, .>1, 29. 


When later studies®’" revealed that the 
addition of phenol to yolk sac suspensions 
enhanced their complement-fixing activity 
from a titer of approximately 1-200 to 1-3200, 
and in some instances to 1-6400, the ques- 
tion of the possible enhancement with phenol 
of the skin test activity naturally presented 
itself. 

Methods. To investigate the effect of 
phenol on the reactivity of skin test antigens, 
saline suspensions were prepared as previous- 
ly described’^ from yolk sac membranes heavi- 

0 Dulaney, A. D., .and Packer, H., J. Immunol., 
194/ j o3, 

omgg, c., and Bowser, B., Pkoc. Sqc. Exp. 
Biol, aoti Med., 1943, 53, 192. 

TXigg, C., Hilleman, M. H., and Bowser, B., 
J. Immunol., 1946, 5,% 250. 
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infection of the mouse with a single intra- 
peritoneal dose of 0.02 gAg, while the maxi- 
mum tolerated dose, intraperitoneally, was 
found to be 0.12 gAg, corresponding to a 
therapeutic index of 6. The immediate 
spirochetocidal effect of (II) was screened in 
rabbit syphilis; 16 animals with fully de- 
veloped, dark-field positive chancres were 
treated with a single subcutaneous injection 
of (II) dissolved in propylene glycol in doses 
ranging from 2.5-40 mg (.0008-.013 gAg)- 
In all animals treated with doses equal to or 
greater than .006/kg the spirochetes were 
not demonstrable 5 days after the treatment. 
As to toxicity, a single intramuscular dose 
of .05 g/kg is well tolerated while .08 g/kg 
is lethal. 

It follows from these experiments that the 
condensation product of a chemothera- 
peutically active arsenical with BAL may re- 
sult in a new compound combining relatively 
low toxicity with a significant trypanocidal 
and spirochetocidal activity. 

Similar results, to be rejxjrted in a forth- 
coming publication, have been obtained with 
analogous BAL derivatives of other aromatic 
arsenicals as well as with aromatic antimony 
compounds, including arsanilic acid, tryparsa- 
nude, carbarsone, stibanilic and acyl stibanilic 


acids. 

Hence, in a general manner, inclusion of 
a phenyl substituted arsenic or antimony 
residue in a 5-membered sulfur-containing 
ring as in (II) is not incompatible mth a 
significant chemotherapeutic activity. 

The new B.AL compounds seem of more 
than theoretical interest in view of their 
stability and solubility properties. As a 
group they are more soluble in nonaqueous 
solvents than the parent organometallics, a 
fact which may well have repercussions on 
their chemotherapeutic spectrum. The solu- 
bility, and consequently, the distribution 
within the organism, may readily be modi- 
fied by replacing the BAL radical in the 
above-mentioned compounds by other dithiols, 
such as 2,3-dimercaptopropionic acid, BAL 
ethers, B.\L glucoside, 1,2-dimercaptobenzene, 
etc. 

The mechanism of the therapeutic effect 
of the BAL derivatives remains to be eluci- 
dated. There are at least 2 possibilities: 
(1) the molecule may act as a whole, which 
would imply a mechanism not foreseen by 
the “Ehrlich-Voegtlin SH-arsenoreceptor the- 
ory,” (2) the BAL compounds are dissoci- 
ated in the organism and act essentially like 
the parent compounds. 
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Epithelial Keratinization as Evidence of Fetal Vitamin A Deficiency.* 


James G. Wilson and Josef Warkany. 

From the Department of Anatomy, School of Medicine and Dentistry, University of Bochester 
and from the Children’s Hospital Besearch Foundation, Department of Pediatrics, College of 

Medicine, University of Cincinnati. 


The appearance of stratified keratinized 
epithelium in places where such epithelium 
is not ordinarily found is the cardinal sign 
of vitamin A deficiency. It has been stated 
that this histologic change, referred to as 
keratinizing metaplasia, occurs in all verte- 

* This work was aided in part by a grant from 
the Nutrition Foundation, Inc., N. T. 

I Wolbach, S. B., and Bessey, O. A., Physiol. 
Sev., 1942, 23, 233. 


brates regardless of age.i However, it has 
not been described in fetal or newborn ani- 
mals whose mothers were in a state of vita- 
min A deficiency during pregnancy. This is 
noteworthy, since Hale,- using the pig, and 
Warkany and Schraffenberger,^ using the rat, 
obtained fetuses that bore severe morphologic 

2 Hale, F., Am. J. Ophth., 1935, 18, 10S7. 

SMarkany, J., and Schraffenberger, E.. Arch. 
Ophth., 1946, So, 150. 
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the reactions. In no case did the control 
Fractions A, B and C, give a positive reaction 
with 1-500 dilution. The results present at 
the most only slight and probably insig- 
nificant differences in reactivity between the 
3 preparations, whether phenol was used in 
the preparations (Fractions A and C) or was 
completely absent (Fraction B). 

The skin test results are in contrast to 
the comparative complement-fhing activities 
of Fractions A and B with a titer of only 
1-200, and Fraction C, with a titer of 1-3200, 


constituting a 16-fold enhancement. 

Summary. 1. Saline suspensions prepared 
from yolk sacs heavily infected with the virus 
of Lymphogranuloma venereum and inacti- 
vated with 2% urea or 0.5% phenol consti- 
tuted satisfactory diagnostic skin test anti- 
gens in high dilutions. 

2. Yolk sac suspensions treated with phenol 
so as to enhance their complement-fixing ac- 
tivity 16-fold were not appreciably more ac- 
tive as skin test antigens than urea-treated 
suspensions. 
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Trypanocidal and Spirochetocidal Compounds Derived from BAL and 

Organic Arsenicals. 


Ernst A. H. Friedheim and Henry J. Vogel. (Introduced by M. B. Sulzberger.) 
From the Laboratory of E. .4. H. Friedheim, Xew Fori: City. 


This study is part of an investigation of 
the chemotherapeutic activity of organo- 
metallic compounds as affected by chemical 
combination with dithiols. 

War research has brought out the fact 
that B.'\L (British Anti Lewisite, 2,3-dimer- 
captopropanol) protects man and e.xperi- 
mental animals against the toxic effect of 
organic arsenicals, including 4-arsenoso-2- 
aminophenol (I), i.e., oxophenarsine U.S.P., 
and counteracts in vitro the trypanocidal ef- 
fect of this drug.i'^ 

The limited information published to date 
(February 18, 1947) suggests that the com- 
pound resulting from the condensation of I 
with BAL, i.e., 2-amino-4-[metbylo]-(ethyl- 
enedimercaptoarsino ) ] -phenol (II ) 

S-CH, 

HO-/ ! (ID 

!S— CH— CH.jOII 


iPetevs, R. A., Xature, November 24, 1945. 

2 -Waters, L. A., and Stock, C., Science. 1945. 

103, 601. _ , , 

3 Sulzberger, M. B., and Baer, E. L., J. Am. 

Med. Assn., 1947, 133, 293. 


would be significantly less toxic than its par- 
ent substance (I), but devoid of chemothera- 
peutic activity. 

With a view to evaluating this proposition, 
we have synthesized (II) and tested in vivo 
its trypanocidal and spirochetocidal activity. 

(II) crystallizes from methanol as white 
needles, soluble in propylene glycol and dilute 
hydrochloric acid, insoluble in water and an- 
hydrous acetone. It gives a negative nitro- 
prusside reaction at pH 8, positive at 10. 

Analysis; 

Calcd. for CgHioOaNSaAs: N 4.59, As 24.6 

Found: ^ 4.52, As 24.0 

4.49 24.8 

(II) forms a crystalline hydrochloride 
(III), soluble in water, ethanol and propylene 
glycol, insoluble in anhydrous acetone. 

Analysis: 

Calcd. for CoHiaOnNClSoAs: N 4.11; As 22.0 

Found: ^ 4.10; As 21.2 

The free base (II), and more so its hy- 
drochloride (III), are quite stable. Propy- 
lene glycol solutions of the hydrochloride may 
be sterilized by heating for one hour at 100°. 

(Ill) cures the e.xperimental T. cquiperdum 
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Fig. 1. Urethra at the level of the urethral sinus of a ncwboru rat 
mother fed au adequate diet. (X210) ueuooru rat, offspring or a 

Fig. Urethra at the level of the urethral sinus of a iiewhorn rat , • 

mother ±ed a vitaniiu A-defieieut diet. (X210) * ' ot 

Fig. 3. ffigher magnification of the urethra shown in Ficr 1 f xGant 
Fig. 4. Higher magnification of the urethra shown in ift -i f 

^hese photomicrographs arc oriented with the “dorsal ”■ wall toward ti t 

the page. As used here, the term “dorsal’’ refers to that wall ^rVi ^ tlie top ot 
nved from the dorsal wall of the emhrvonic urogenital sinus and dnc t’"’"*”'''* 
describe the relative position of this wall in the newborn rat. ’ ‘ ^ ^ uccurately 

surface-cells, were observed in the region of taken on the ’^nd dav -brwveA 

.ak.„ .n n. n,. 
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anomalies when the mothers were deprived 
of vitamin A during pregnancy. 

The present communication is a report, of 
the finding of keratinizing metaplasia in the 
genito-urinarjr tract of fetal rats taken from 
mothers' that were deficient in vitamin A 
during pregnancy. It is based on a study of 
serial sections of 14 fetuses and newborns 
from as many different litters, the gestation- 
al age of which ranged from the 16th through 
the 22nd day. Maternal deficiency was in- 
duced and maintained by the same diets and 
experimental procedures as were used by 
Warkany and Schraffenberger.^ Fetuses of 
comparable ages and newborn rats from moth- 
ers fed an adequate diet were sectioned and 
studied as controls in order to rule out the 
possibility of keratinization of genito-urinary 
epithelia by maternal estrogens during the 
latter part of pregnancy. The histology of 
the normal epithelia will not be described 
in this paper, and only those histologic fea- 
tures which represent distinct deviations from 
the normal will be described for the A-defi- 
cient animals. Nevertheless, it should be 
stated that keratinization normally does not 
occur in any part of the genito-urinary tract 
of fetar'hn'd' newborn rats except in the most 
distal portion of the urethra, i.e., the ex- 
ternal orifice and a short segment contiguous 
with it. 

Neither the control fetuses nor those sub- 
jected to maternal vitamin A deficiency ex- 
hibited keratinization in any part of the body 
prior to the 18th day of gestation. All 
fetuses older than 18 days whose mothers 


location of areas of metaplasia will be de- 
scribed only in a general way. ; 

The 18lh day of gestation was the earliest 
time at which metaplastic keratinization ap- 
peared in the offspring of A-deficient moth- 
ers. A male fetus of this age was found to 
possess a small area of truly keratinized 
epithelium within the urethral plate and an- 
other area in the pelvic part of the urogenital 
sinus where, although no completely keratin- 
ized cells were seen, the cytopl^^sm of super- 
ficial cells was hyalinized and contained 
keratohyalin granules. These changes might 
be designated “prekeratinization.” The find- 
ings seem particularly interesting in view of 
the fact that the epidermis and other ulti- 
mately cornified epithelia had not undergone 
keratinization in either this animal or con- 
trol fetuses of the same age. 

True keratinization, typified by cornifica- 
tion and desquamation of the surface-cells 
and by hyalinization and keratohyalin granu- 
lation in the superficial layers of cells, was 
consistently found in fetuses of a gestational 
age of 20 days. It was limited, however, to 
the distal two-thirds of the urogenital sinus, 
specifically to the segment lying between the 
point of juncture of the genital ducts with' 
the sinus, cephalically, and the exterior of 
the body, caudally. Metaplasia occurred as 
a continuous strip along the dorsal wall of 
this segment but, curiously, had affected to 
a much less striking degree, or not at all, 
the lateral and ventral walls of this region 
of the sinus. The point at which keratiniza- 
tion was most pronounced, both in degree 


were fed the A-deficient diet, however, showed 
keratinizing metaplasia in at least some of 
the genito-urinary epithelia which constituted, 
or were derived from, the urogenital sinus. A 


precise localization of the affected epithelia 
5n terms of definitive organs is not feasible 


in the present report, since the differentiation 
of the entire urogenital sinus was conspicu- 
ously retarded and this retardation, in turn, 
complicated bv the occurrence of several 
frank malformations. Until a larger series 
of animals has been studied and plastic re- 
constructions prepared, no attempt will be 
made to analyze the malformations, and the 


and in circumferential extent, was where the 
genital ducts joined the sinus. This was also 
the most cephalic part of the affected area. 
This fact speaks against the possibility that 
keratinizing changes spread into and along 
the sinus from the already keratinized epi- 
dermis on the exterior, and seems to indicate 
instead that an m situ transformation to a 
keratinized type of epithelium had occurred. 
No true cornification was seen in 20-day 
fetuses above the point of entry of the genital 
ducts, but prekeratinization changes, begin- 
ning hyalinization of the cytoplasm and the 
appearance of keratohyalin granules in the 
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TABLE I. 

Imiimiiity iu Mice Given Living and Killed 
ShigelUi Mimci by Gavage. Cballenged Intrapcri- 
toncally witli 0.5 to 12S0 ilLD of Homologous 
Culture. 


Type % of miee surviving 

of No. of doses of antigen 

antigen 3 4 5 6 7 S 

Living culture 57* 55 72 SO 73 92 

Killed ” 70 50 71 70 So S3 


* E.ach % is based on results with 30 miee. 


TABLE II. 

Lnniunity in iliee Drinking Killed .'ihigctlii jsotniei 
in Place of iVatcr for 21 Days. 


X(1. 

of 

Fluid 

coiisiunod 

Homologous 

cduillonge 

iutraper. 

ifLD 

Xo. of 
luico 

surviving 

30 

Killed eulturo* 

2 to 204.S 

3); 

30 

Sterile broth 

• ’ 

.> 

31 

TV:itcr 

1 1 

o 

30 

"t 

t y 

0 


* 7.5 billion per day per mouse. 
1 Virulence control. 


160,000 MLD of homologous culture sus- 
pended in sterile mucin, ^ All mice survived 
e.\cepl one which received 160 MLD. 

Smaller numbers of living or heat-killed 
bacteria were compared for their ability to 
stimulate active immunity when administered 
by gavage. Six groups of 30 mice were given 
3 to 8 daily doses of 1 .4 billion living S/tigella 
soimei. Six other groups of 30 mice were 
given the same number of doses of 1.1 billion 
killed organisms. Seven days after the last 
doses each group of 30 mice was divided into 
6 equal groups and challenged intraperi- 
toneally with 0.5 to 1280 !MLD of homologous 
culture suspended in mucin. The percentages 
of mice surviving are found in Table I. The 
striking finding was that both living and 

1 Cooper, IderBii L., and Keller, Helen H., J . 
Peiiial., 1941, 18, 451. 


killed culture yielded similar immunity which 
increased with increasing number of doses. 

The majority of mice remained well during 
the time they were receiving living culture in- 
tragastrically. During this period and for 24 
to 48 hours subsequently stool cultures were 
positive. 

II. Voluntary Drinking oj Killed Culture 
in Place oj Water. A group of 36 white mice 
were given killed broth culture of Shigella 
sonnei in their water bottles in place of water 
over a period of 21 days. Another group of 
30 mice were given sterile broth in place 
of water for the same length of time. A 
third group of 31 mice received only water 
to drink. Four days after the 21-day period 
each group of mice was challenged intraperi- 
toneally with 2 to 2084 MLD of homologous 
culture in mucin. Data in Table II show 
that all mice survived which had ingested 
killed culture in place of water; that only 2 
mice surv’ived which had consumed sterile 
broth; and only 2 mice survived which had 
consumed water. The quantity of killed cul- 
ture. sterile broth and water consumed daily 
by each mouse was very similar. 

Conclusions. Six daily doses of 49 billion 
living Shigella sonnet administered bt' gavage 
to white mice stimulated complete immunity 
to intraperitoneal injection of 16 to 160,000 
AILD of homologous culture suspended in 
sterile mucin. Killed bacteria in doses of 
1.1 billion and living bacteria in doses of 
1.4 billion stimulated immunity, the titer of 
which increased with the number of daily 
doses. There was no significant difference in 
the immunizing effects of living and killed 
culture. Alice which drank killed broth cul- 
ture in place of water for 21 days were im- 
mune against 2 to 2048 AILD of homologous 
culture injected intraperitoneally. 
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scarcely greater than at 20 days. Again, 
structures derived from the urogenital sinus 
distal to its juncture with the genital ducts 
were keratinized throughout their length; 
and metaplasia was always more pronounced 
on, and tended to be limited to, the dorsal 
aspect of these structures. In one newborn 
male an area of true metaplasia was ob- 
served in the vesico-urethral portion of the 
sinus at a point corresponding to the upper 
prostatic urethra. Othenvise, only pre- 
keratinization changes were seen in this more 
cephalic portion of the sinus. Even in these 
newborns and more mature fetuses no histolog- 
ic deviations from normal were seen in the 
epithelia in regions of the definitive bladder, 
ureters, kidneys, mesonephric ducts or ^iliil- 
lerian ducts. 

Comment. These observations reveal that 
genito-urinary epithelia in fetal rats, like 
many other epithelia in older animals, re- 
quire vitamin for their morphologic in- 
tegrity. It appears that this requirement is 
not manifested by keratinizing metaplasia 
until the fetal tissues have undergone a cer- 
tain degree of differentiation. In the uro- 
genital sinus this is attained by, or shortly 
before, the 18th day of gestation. The fact 
that keratinization did not affect other 
epithelia, which in older animals do respond 
to A-deficiency by undergoing metaplastic 


changes, does not prove that the unaffected 
epithelia were differentiated to a lesser de- 
gree than those of the urogenital sinus. 
Nevertheless, it is suggestive in this direction, 
and it undoubtedly reflects some unobserved 
morphologic or perhaps functional difference 
between those tissues that undergo metaplasia 
during the fetal period and those that react 
in this fashion to A-deficiency only at an 
older age. 

The prevalence of congenital malforma- 
tions in the genito-urinary tract of these 
fetuses is probably somehow related to the 
particular susceptibility of epithelia in this 
region to keratinizing metaplasia, although 
any attempt to evaluate such a relationship 
must await a more thorough study of the 
malformations. 

Summary. Keratinizing metaplasia in 
epithelia of the genito-urinary tract was ob- 
served in fetal rats taken from mothers fed 
a vitamin A-deficient ration. Only struc- 
tures derived from the fetal urogenital sinus 
were affected. The earliest metaplastic 
changes were seen in a fetus of 18 days 
gestational age; by the 20th day keratiniza- 
tion was seen in the dorsal wall of all organs 
distal to the termination of the genital ducts. 
Epithelia in other parts of the body were not 
affected by these changes. 
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Immunization of Mice with Dysentery Antigen Administered by Gavage 
and by Voluntary Drinking.* 

Merlin L. Cooper and Helen M. Keller. 

J?rom the Children’s UospUal Meseurch Foundation, and the Department of Pediatrics, College 


of Medicine, Vniversitg of Cincinnati. 


I Living and Killed Culture by Gavage. 
In the course of attempts to infect white mice 
hv savage with living Shigella sonnet, we 
hLe observed the development of imrnumty. 
A hi'^h degree of immunity follows admmis- 
of large au .rb.rs of bacer.a. less 

from the u. S. PuWm Health Service. 


immunity follows administration of fewer 
bacteria. 

Fifteen mice were given 6 consecutive daily 
doses of 49 billion living bacteria with a 
syringe and blunt needle introduced into the 
stomach by way of the esophagus. Five days 
after the last dose, small groups of these mice 
were challenged intraperitoneally with 16 to 
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The presence or absence of the adrenal 
glands modifies the survival of the eviscer- 
ated and the eviscerated-nephrectomized rat 
either with or without insulin. This effect of 
adrenalectomy can be observed within 2 
hours following operation. The data do not 
permit a differentiation between the relative 
importance of the adrenal medulla and the 
adrenal cortex in effecting the survival of the 


eviscerated rat. 

Summary. The survival of the eviscerated 
rat is shortened by either nephrectomy or 
insulin. Insulin shortens the survival of the 
eviscerated-nephrectomized rat. Adrenalec- 
tomy at the time of evisceration shortens the 
survival of the eviscerated and eviscerated- 
nephrectomized rat either with or without 
insulin. 
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Enhancement and Depression of Neuromuscular Transmission by Intra- 
arterial Injection of Potassium Chloride in the Dog. 

Sheppard M. Walker. (Introduced by A. S. Gilson, Jr.) 

Prom the Department of Phi/.iiologp, TPa-shinffton Cnifcrsity School of Medicine, St. Louh, Mo. 


Rosenblueth and Cannon^ observed that 
intra-arterial injection of KCl, during indi- 
rect stimulation of muscle in the cat at a 
high freciuency, produced marked depression 
of muscle tension. More recent studies--® 
have shown that intraperitoneal injection of 
KCl improved neuromuscular transmission in 
the rat and that intra-arterial injection of 
KCl in the nerve-muscle preparation from 
the frog first augmented and then depressed 
neuromuscular transmission. The present 
paper is concerned with the effect of varied 
rates of intra-arterial injection of KCl on 
the development and maintenance of muscle 
tension during stimulation of the nerve at 
a high frequency. Nine dogs anesthetized 
with sodium barbital were used in the experi- 
ments. Both Triceps surae were prepared as 
previously described for the rat.® Spring 
levels were used for the recording of muscle 
tension. The muscles of each leg were stim- 
ulated simultaneously through the cut sciatic 
nerves with electrodes connected in parallel 
and led from a Thyratron stimulator. The 
stimulus strength was about 6 times threshold 

I KosenWucth', A., and Cannon, W. B., Am. J. 
Physiol, 1040, 130, 205. 

-■SV.alker, S. M., Am. J. Physiol, 1947, 149, 7. 

-VV.alker, S. M., and Laporte, Y., J. Meuro- 
Vhysiol, 1947, 10, 79. 


and the frequency of stimulation was 275 to 
300 shocks per second. The duration of 
stimulation was usually 5 or 10 seconds ivith 
an equal interval of rest between periods of 
stimulation. In some e.xperiments stimula- 
tion was continuous during the period of in- 
jection. In a few experiments the muscles 
were stimulated with single shocks during 
the period of injection. Injections were made 
into the femoral arterjL Two rates of in- 
jection were employed; slow, 2 to 3 mg of 
KCl (1.12% solution) per second; fast, 15 
mg of KCl (4.2% solution) per second. 

Results. During indirect stimulation at 
300 shocks per second the peak of tetanic 
tension was followed immediately bj' a rapid 
decline of tension to a much lower level whidi 
was either maintained or slightly increased 
during continued stimulation (Fig, 1, lA). 
Slow injection of KCl graduallj-- reduced the 
rate and the extent of decline of tension in 
the perfused muscles during successive peri- 
ods of stimulation. The maximal enhance- 
ment of tetanic tension w-as attained approxi- 
mately one minute after the beginning of 
injection (Fig. 1, IB). In the contralateral 
muscles, not subjected to KCl perfusion, lit- 
tle change in the tension curve occurred dur- 
ing the same intert'al (cf. 2A and 2B of Fig. 
1). By the end of 2 minutes of slow- injection 
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Effect of Adrenalectomy upon Survival Time of the Eviscerated Rat. 

DmCHT J. IXGLE AND jAitES E. NeZAMIS. 

From the Research Laboratories, The Vpjohn Compainj, Kaiamaeoo, Mich. 


This 13 one of a series of studies of en- 
docrine deficiency and e.xcess in the eviscer- 
ated rat. It was shown that removai of the 
adrenal glands shortens the survival of the 
eviscerated rat under several e.xperimental 
conditions. 

Methods. Male rats of the Spracue-Daw- 
ley strain were fed Purina Dog Chow. At 
a weight of 185 to 205 g, the inferior vena 
cava was ligated between the liver and kid- 
neys to cause the development of a collateral 
circulation. Asepsis was preserved. When 
the animals reached 250 ±: 2 g they were 
anesthetized (intraperitoneal injection of 18 
mg of cyclopentenyl-allyl-barbituric acid so- 
dium) and eviscerated.^ The vascular sup- 
ply ot the adrenals and the kidneys was 
ligated and these organs removed at the time 
of evisceration. 

The temperature of the room was 75* to 
TS^F and the humidity 50 to 35% of satura- 
tion. Crystalline zinc insulin (Lilly) was 
given to some of the animals (E.xp. 3 and 4), 
It was injected into the saphenous vein of 
the right hind leg with an initial dose of 4 
units and a subsequent steady rate of 40 
units per 24 hours by means of a continuous 
injection apparatus. Injections were started 
within 2 minutes following removal of the 
liver. Cessation of heart beat was the 
criterion used to judge the time of death. 

Experiments and Results. Ten adrenal- 
ectomized and 10 nonadrenalectomized rats 
were studied in each experiment. Compari- 
sons of adrenalectomized and nonadrenaiec- 
tomized animals were always made simulta- 
neously on pairs. 

In Exp. 1 (kidneys intact, no insulin) the 
nonadrenalectomized animals survived an 
average of 870 minutes with a range of 535 

Xhe Hat in Laboraior;/ Investigation, J. B. Lip- 
pincott Co., Philadelplua, 1942. 


to 1467, and the adrenalectomized an aver- 
age of 361 minutes with a range of 125 to 
724 minutes. 

In Exp. 2 (nephrectomized, no insulin) the 
nonadrenalectomized animals survived an 
average of 183 minutes with a range of 152 
to 222, and the adrenalectomized an average 
of 139 minutes with a range of 67 to 175. 

In Exp. 3 (kidneys intact, insulin) the 
nonadrenalectomized rats survived an aver- 
age of 86 minutes with a range of 65 to 123, 
and the adrenalectomized an average of 72 
minutes with a range of 57 to 99. 

In E.xp. 4 (nephrectomized, insulin) the 
nonadrenalectomized rats had an average sur- 
vival of 76 minutes with a range of 64 to SS, 
and the adrenalectomized an average of 61 
minutes with a range of 43 to 70 minutes. 

In 39 of the 40 pairs of rats studied in 
these experiments the adrenalectomized ani- 
mal survived a shorter period than its non- 
adrenalectomized control. 

Discussion. The study of the effect of 
hormone deficiency and excess upon short 
survival times may, as in the present e.xperi- 
ment, provide one inde.x of the time required 
for hormonal effect. 

It was previously known that either 
nephrectomy" or the administration of in- 
sulin* hastens the onset of hypoglycemia and 
death of the eviscerated rat. In these experi- 
ments it was found that the survival time of 
the eviscerated-nephrectomized rat is de- 
creased still further by the injection of in- 
sulin. All of the animals dying under these 
conditions show marked hypoglycemia, and 
die with convulsions and respiratory failure. 

In each case the symptoms can be prevented 
and survival greatly prolonged by the ad- 
ministration of glucose. 

eKeinetko, R. 3f., Am. J. Thysiol, 1942, I.IO, 
167, 

single, D. J., and S!iepp.ir<l, R., Hiiilocrhwtogy, 
1945, 37, 377. 
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The presence or absence of the adrenal 
glands modifies the surcdval of the eviscer- 
ated and the eviscerated-nephrectomized rat 
either with or ivithout insulin. This effect of 
adrenalectomy can be obser\'ed within 2 
hours following operation. The data do not 
permit a differentiation between the relative 
importance of the adrenal medulla and the 
adrenal corte.x- in effecting the sur\’ival of the 


eviscerated rat. 

Summary. The survival of the eviscerated 
rat is shortened by either nephrectomy or 
insulin. Insulin shortens the survival of the 
eviscerated-nephrectomized rat. Adrenalec- 
tomy at the time of evisceration shortens the 
survival of the eviscerated and eviscerated- 
nephrectomized rat either with or without 
insulin. 
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Enhancement and Depression of Neuromuscular Transmission by Intra- 
arterial Injection of Potassium Chloride in the Dog. 

Sheppard il. Walker. (Introduced by A. S. Gilson, Jr.) 

From the Department of Physiotorjy, ITashiugton Vniversity School of Medicine, St. Louis, Mo. 


Rosenblueth and Cannon^ observed that 
intra-arterial injection of KCl, during indi- 
rect stimulation of muscle in the cat at a 
high frequency, produced marked depression 
of muscle tension. :More recent studies-’* 
have shomi that intraperitoneal injection of 
KCl improved neuromuscular transmission in 
the rat and that intra-arterial injection of 
KCl in the nerve-muscle preparation from 
the frog first augmented and then depressed 
neuromuscular transmission. The present 
paper is concerned with the effect of varied 
rates of intra-arterial injection of KCl on 
the development and maintenance of muscle 
tension during stimulation of the nerve at 
a high frequency. Nine dogs anesthetized 
with sodium barbital were used in the e.xperi- 
ments. Both Triceps surae were prepared as 
previously described for the rat.* Spring 
levels were used for the recording of muscle 
tension. The muscles of each leg were stim- 
ulated simultaneously through the cut sciatic 
neu-es with electrodes connected in parallel 
and led from a Thyratron stimulator. The 
stimulus strength was about 6 times threshold 

1 Eosenbluetli, A., and Cannon, "W. B., Am. J. 
Physiol., 10-10, 130, 205. 

2 Walker, S. M., Am. J. Physiol., 1917, 149, 7. 

- Walker, S. M., and Laporte, Y., J. Xeuro- 
Physiol, 1917, 10, 79. 


and the frequency of stimulation was 275 to 
300 shocks per second. The duration of 
stimulation was usually 5 or 10 seconds with 
an equal interval of rest between periods of 
stimulation. In some experiments stimula- 
tion was continuous during the period of in- 
jection. In a few experiments the muscles 
were stimulated with single shocks during 
the period of injection. Injections were made 
into the femoral artery. Two rates of in- 
jection were employed: slow, 2 to 3 mg of 
KCl (1.12% solution) per second; fast, 15 
mg of KCl (4.2% solution) per second. 

Results. During indirect stimulation at 
300 shocks per second the peak of tetanic 
tension was followed inmiediately by a rapid 
decline of tension to a much lower level which 
was either maintained or slightly increased 
during continued stimulation (Fig. 1, lA). 
Slow injection of KCl gradually reduced the 
rate and the extent of decline of tension in 
the perfused muscles during succe.ssive peri- 
ods of stimulation. The maximal enhance- 
ment of tetanic tension was attained appro.xi- 
mately one minute after the beginning of 
injection (Fig. 1, IB). In the contralateral 
muscles, not subjected to KCl perfusion, lit- 
tle change in the tension curve occurred dur- 
ing the same interval (cf. 2A and 2B of Fig. 
1 ) . By the end of 2 minutes of slow injection 
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Pig. 1. Myograms showing the effect of intra-arterial injection of KCl on the response of 
the Triceps surae to electric stimulation of the cut sciatic nerve. Time signal; 1-second inter- 
vals. Elevations of the time line show periods of injection. 

lA to IE: Eecordings of tension from muscles perfused with 2 mg of KCl (1.12% solu- 
tion) per second for 2 minutes and stimulated during alternate 5-second intervals with 300 
shocks per second. lA: Before injection. IB: After 1 minute of injection. 1C; After 2 
minutes of injection. ID: One minute after injection was stopped. IE: Ten minutes after 
injection was stopped. 2A to 2E; Eecordings of tesaion from the contralateral muscles stim- 
ulated in parallel with the muscles recorded in lA to IE. 

IP; Muscles perfused rvith 3 mg of KC3 (1.12% solution) per second for 34 seconds during 
continuous stimulation at 275 shocks per second, 2P: The contralateral muscle stimulated in 
parallel. 

IG : Muscles perfused with 15 mg of KCl (4.2% solution) per second for 7 seconds during 
continuous stimulation at 275 shocks per second. 2G: The contralateral muscles stimulated in 
parallel. 

IH; Muscles perfused with 3 mg of Kd (1.12% solution) per second for 68 seconds during 
stimulation at 1 shock per 5 seconds. 2H; The contralateral muscles stimulated in parallel. 

I: Muscles perfused with 15 mg of KCl (4.2% solution) per second for 40 seconds during 
stimulation at 1 sliock per 1,5 seconds, J : The same muscles recorded in I showing partial 
recovery of neuromuscular transmission 20 minutes after tlie injection. K: The same muscles 
recorded in I showing complete recovery of transmission 25 minutes after the injection. 


the perfused muscles showed marked depres- 
sion of tetanic tension, while the response 
of the contralateral muscles showed only 
slight change (Fig. 1, IC and 2C). At this 
point injection was discontinued. An in- 
crease of tetanic tension occurred in each 
successive period of stimulation of the mus- 
cles which had received intra-arterial injection 
of KCl (Fig. 1, ID)- Ten minutes after 
injection was stopped the tension curve was 
almost normal (Fig. 1, lE). 


Slow injections made during continuous 
stimulation at 275 shocks per second pro- 
duced an increase of tension followed by a 
decline (Fig. 1, IF). If injections were 
stopped shortly after the decline began an- 
other rise of tension occurred. If, on the 
other hand, injections were continued for sev- 
eral seconds after the decline appeared no 
increase of tension occurred after cessation 
of injection. When, fast injections were given 
during stimulation a depression of tension be- 
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gan a few seconds after the start of injection. 
If the duration of injections was only 6 to 
S seconds an increase of tension followed 
shortly after the cessation of injection (Fig. 
1, IG). Longer periods of injection pro- 
duced either a prolonged depression of ten- 
sion or complete neuromuscular block. 

The typical potentiation of muscle re- 
sponse to single shocks was produced by slow 
injections (Fig. 1, IH). It is of interest to 
note that continuation of slow injection in- 
duced slight contracture which was followed 
shortly by diminution of response to single 
shocks. When injection was stopped at the 
onset of depression recovery of the normal 
response occurred within 10 to 20 seconds. 
Marked contracture and complete neuromus- 
cular block were produced by prolonged fast 
injections (Fig. II). Twenty to 25 minutes 
were required for recovery of the response 
to single indirect stimuli (Fig. 1, J and K). 
It was shown that the quantity of KCl re- 
quired to produce complete neuromuscular 
block did not impair the contractile strength 
of the muscle stimulated directly with single 
or with high-frequency shocks. 

Discussion. Direct stimulation in the 
curarized muscle of the rat^ has shown that 
KCl-treatment does not increase tetanic ten- 
sion. Therefore, it is assumed that all en- 
hancement of tetanic tension observed in this 
study, except increases resulting from con- 
tracture, is due to improvement of neuromus- 
cular transmission. The presence of contrac- 
ture usually could be recognized by irregu- 
larities in the tension curve (Fig. 1, IF). 
The slowest rate of injection of KCl (2 mg 
per second) produced no contracture although 
marked augmentation of tetanic tension oc- 
curred (cf. 1.4 and IB of Fig. 1). Moreover, 
it seems likely that the contracture during 
injection of 3 mg per second of KCl pro- 

■iW-ilker, S. M., unpublished d.ita. 


duced only a small portion of the increased 
tension observed at a high frequency of stim- 
ulation (cf. the slight increase of tension in- 
duced by contracture in IH with the marked 
increase of tension during KCl injection in 
IF). 

The observation that neuromuscular trans- 
mission is facilitated by intra-arterial injec- 
tion of small quantities of KCl confirmed the 
results obtained by intraperitoneal injection 
of KCl in the rat.- Furthermore, the failure 
of the injection to induce similar changes in 
the contralateral muscles showed that the re- 
sults were not attributable to central effects 
on the circulation or respiration. The ob- 
servations of enhancement of neuromuscular 
transmission with small amounts of KCl and 
of depression with large amounts are in agree- 
ment with the findings in the curarized nerve- 
muscle preparation from the frog.^ More- 
over, the present results in the dog have 
shown that both the augmenting effect and 
the depressant action of K on neuromuscular 
transmission occur in uncurarized muscle. 

Summary. 1. Continuous slow injection 
of KCl (2 to 3 mg per second of 1.12% 
solution) produced initial enhancement and 
subsequent depression of neuromuscular 
transmission in muscle stimulated indirectly 
at 275 to 300 shocks per second. 

2. Fast injection of KCl (15 mg per sec- 
ond of 4.2% solution) produced a prompt 
depression of neuromuscular transmission. 
Continued injection produced marked con- 
tracture and complete neuromuscular block. 

3. Enhancement of neuromuscular trans- 
mission may occur in the absence of contrac- 
ture or in the presence of mild contracture, 
.^mounts of K sufficient to induce marked 
contracture usually produced complete neuro- 
muscular block. 

4. During complete neuromuscular block 
by KCl injection the response of the muscle 
to direct stimulation was unimpaired. 
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Further Studies on the Acute Toxicity of Mercurial Diuretics."^ 
Robert A. Lehjiax. 

From the Department of Therapeutics^ Dfeiv York University College of Medicine. 


A number of reports have appeared con- 
cerning a serious and sometimes fatal reac- 
tion which has been observed following in- 
travenous injection of therapeutic doses of 
mercurial diuretics.^''"’ This has been shown 
to be due to a direct action on the heart giv- 
ing rise to a variety of changes in rhythm 
and conduction^’^ and a decrease in work 
capacity.® The reaction appears to be char- 
acteristic of mercurials in general, whether 
organic or inorganic, and not specifically of 
the diuretic group. 

In a previous report, the acute lethal dose 
was given for the common diuretics as esti- 
mated by intravenous injection in intact un- 
anesthetized cats. This work has now been 
extended to determine the comparative dos- 
ages at which cardiac toxicity develops as 
indicated in the electrocardiogram. _ The 
drugs used in the present comparisons were: 

* The investigation of the comparative cardiac 
toxicity of the mercurial diuretics was made witli 
the assistance of grants from the Committee on 
Therapeutic Keseaich of the Council on Pharmacy 
and Chemistry of the American iledieal Associa- 
tion, from Lakeside Laboratories, Inc.. Milwaukee, 
Wis., and from Campbell Products, Inc., New 
York City. The preparation and study of the 
pharmacology of X (-/ carboxymethylmercaptomer- 
curi-p-metho.vy)propyl eamphoramic acid disodium 
salt was assisted by a grant from Campbell Prod- 
ucts, Inc. 

1 DeGraff, A. C., and Nadlcr, J. E., J. Am. Med. 
Assn., 10-12, 119. 1006. 

2 Wexler, J., and Ellis, L. B., Am. Heart J., 191-1, 
37 , 8G. 

spines, I., Sanabria, A., and Aniens, E. T. H., 
Brit. Heart 194-1, 6, 197. 

4Volini, I. P., Levitt, E. 0., and Martin, E. J., 

J. Am. Med. Assn., 1945, 138 , 12. 

3 DeGraff, A. C., and Lehman, E. A., J. Am. 
Med. Assn., 1942, 119, 998. 

6 Long, W. K., and Earah, A., J. Bharmaeol. 

Exp. Therap., 1946, 88, 388. 


Mercuric Chloride: A S.AJo solution in 
distilled water. 

Mercuzanthin: A solution of the sodium 
salt of N (y-hydro.xymercuri-j3-metho.xy) 
propyl eamphoramic acid-theophylline (Mer^ 
curophyJline Injection U.S.P. XIII). 

Salyrgan-Theopkylline: A solution of the 
sodium salt of ortho-N(-y-hydroxymercuri- 
j8-methoxy) propyl carbamyl phenoxy acetic 
acid-theophylline (Mersalyl and Theophyl- 
line Injection, U.S.P. XIII). 

Merciihydrin: A solution of the sodium.' 
salt of N (y-hydro.xymercuri-j8-metho.xy) 
propyl N’(succinyl)urea and theophylline. 

MT6: A solution of the disodium salt of. 
N(y - carbo.xymethylmercaptomercuri - ^ - 
methoxy)propyI eamphoramic acid. N(y- 
hydro.\ymercuri-^-metho.xy)propyl campho- 
ramic acid was synthesized from camphor, 
allyl amine and mercuric acetate by methods 
described in the literature. A solution of 
the sodium salt of this acid was then added 
to an aqueous solution of sodium thioglycol- 
late. The resulting solution of the mercaptide 
was brought to pH 7 to 8 by addition of 
sodium hydroxide. 

Unless otherwise stated, all of the above 
drugs were used at a concentration of ap- 
proximately 39 mg of mercury per cc. 

Procedure. Normal adult cats of both 
sexes weighing between 2 and 4 kg were used 
in this study. The animals were anesthetized 
with 0.5 cc per kg of dial (10^) with 
urethane (40%) half of which was given in- 
tramuscularly and half intraperitoneally. 
When necessary, anesthesia was completed 
by cautious intravenous injection of pento- 
barbital sodium solution. Electrocardiograms 
were recorded from lead II. A control trac- 
ing was taken and the undiluted solution of 
the mercurial was immediately injected into 
the saphenous vein. The total volume was 
injected over 30 seconds in the case of vol- 
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umes up to 0.8 cc per kg. For the large 
volumes required in the case of AIT6, a 
burette was used and the solution injected 
at approximately 2 cc per kg per minute. 
Tracings were then taken at intervals of 1, 
2. 3, 5, 10, 15, 20, 30, 40, 50 and 60 minutes 
after injection. In some cases this series was 
extended up to 6 hours at 15-minute inter- 
vals. 

Results. The observations have been sum- 
marized in Table I. In every case the initial 
dose was low enough so that no change in 
the electrocardiogram occurred within an 
hour after injection. This was then increased 
by a factor of 2 until a lethal or severely 
toxic level was reached. In the case of 
Salyrgan-Theophylline, Alercuhydrin, Aler- 
cuzanthin and mercuric chloride, the sequence 
of events following injection of a toxic dose 
was quite similar. The most significant 
changes appeared immediately after injection 
and could for the most part be attributed 
to depression of conduction. They usually 
consisted of atrioventricular dissociation or 
ventricular tachycardia and were invariably 
accompanied by a marked increase in the 
QRS interval. In some cases ventricular 
fibrillation and death ensued. Occasionally 
the ventricular rate progressively slowed un- 
til complete arrest. Usually, however, the 
electrocardiogram reverted in less than 30 
minutes to a more or less regular sinus 
rhythm (Fig. 1 and 2). These phenomena 
are in general agreement with those reported 
by Volini^ for 2 patients on whom electro- 
cardiograms were taken during the acute epi- 
sode following the injection of a mercurial 
diuretic. Furthermore, the literature^"^ indi- 
cates that the typical reaction in man comes 
on immediately after the injection. There- 
fore, in the absence of direct evidence, it 
will be assumed that the action of these 
drugs in the anesthetized cat is qualitative- 
ly the same as in man. In the case of AIT6 
no significant changes in the tracing were 
ohserc'ed immediately in any dose used. The 
highest doses gave rise to a gradual depres- 
sion of conduction and rate leading to cardiac 
arrest after a variable period. These changes 
are illustrated in Fig.' 3. In Table II the 
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Fig. 1. 

Effect of iiitiavenous iujectioii of 0.283 ce per kg of Jlcrcuzautiiui solution 
on the electrocardiogram of the aiicstlietizcd c.at. A, control tr.uciiig; B, one 
niiiiute after injection; C, 10 minutes after injection; D, 50 minutes after in- 
jection. 


time of onset of marked electrocardiographic 
changes due to MT6 is given as a function 
^Q 2 age. It IS evident that the higher 
the dose the more rapidly the cardiac effects 
appear However, at 4 cc per kg no cardiac 
toKicitv appeared within 6 hours after m- 
eeSn iTis not to be inferred, however, 
that MT6 or indeed any of the mercurials 
used in this study can be tolerated indefinite- 


ly at these large doses. The majority of the 
animals died, or were e.xpected to die, after 
several days due to mercury into.xication. 

Quantitatively, the to.\ic effect of the first 
4 mercurials is most consistently reflected in 
the electrocardiogram in an increase in the 
QRS interval. Using this as a criterion, the 
maximum tolerated dose for each drug has 
been roughly estimated and is given in Ta- 
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Fig. 2. 

Effect of intravenous injection of 0.233 ec per kg of Salyrgau- 
tlicopliylline solution on the electrocardiogram of the anesthetized 
cat. A, control tracing; B, one minute after injection; C, 3 minutes 
after injection. Death ensued shortly after C. 


TABLE II. 

Onset of Elcctroonrdio^rnpljie Cliangcs 

.-Vfter JITO. 

Dose ill 

Time in minutes for onset of 
major E.K.G. changes (other 

Period of 

cc per 

than alterations in rate or 

observation 

kg 

:implitu(le of doflevtions.) 

in min 

O 

none 

00 

O 

f t 

60 

4 

1 y 

90 

4 

1 « 

60 

4 

1 > 

360 

S 

75 

75 

S 

none 

60 

s 

105 

120 

10 

10 

30 

16 

50 

50 

10 

90 

BO 

10 

60 

75 

ble III. 

It will be noted that there is com- 


paratively little difference in toxicity among 
the 3 commonly used mercurial diuretics. 
Furthermore, mercuric chloride, while clear- 


ly the most toxic substance studied, is closer 
to the diuretics than might have been an- 
ticipated. The to.xicity of iMT6 when judged 
in terms of the immediate electrocardio- 
graphic changes described above is less than 
1/400 that of mercuric chloride or 1/160 
that of !3Iercuhydrin, which is othenvise the 
least toxic of the group. 

Discussion. Johnston^ showed that sodium 
thiosulfate could restore the normal force 
and rhythm of the isolated turtle heart 
poisoned with Salyrgan or Mercuzanthin. In 
a previous report from this laboratorj-^ it was 
indicated that thiosulfate exerts a similar ac- 
tion in the intact cat. ilore recently Long 
and Farah'- have investigated the prophylactic 
and therapeutic action of 2 monotliiols 

T Johnston, E. L., J. Lai). Clin. JTed., 19-11, 27, 
303. 
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Fig. 3. ^ . 

Effect of intravenous injection of 16 ec per kg of MT6 so'utiou on 
the electrocardiogram of the anesthetized cat. A, control tracing; B, 40 
minutes after injection; C, 50 minutes after injection. The animal died 
shortly after tracing C. 


TABLE III. 


Comparative Acute Cardiac To.v:icit.v of Ifercurials. 

Jlax, tolei-ated intra- 
venous dose in ee per 
kg based on widening 

Compound of tiic QRS interval Ratio 


Mercuric chloride 
Salyrgan-TheopliylUne 
Mercuzantluu 
Mereuhydrin 

MT6 


0.04 

0.058 

fl.ori 

n.i 


>16.0 


1,0 

1.4 

1.5 

2.5 
>400.0 


(cysteine and glutathione) and one dithiol 
(2 3 -dimercapto propanol, British .Antilew- 
isite) against the acute cardiac effects of 
Salyrgan. They found that the intravenous 
LD:-o of Salyrgan in mice slightly in- 
creased by intravenous injection of a mol 
Equivalent of any of the above compounds 


one minute before the mercurial. They also 
reported that arrythmias produced in the iso- 
lated heart lung preparation of the dog as 
well as the intact dog could be successfully 
treated with these compounds. 2,3-Dimer- 
capto propanol was considerably more ef- 
fective than monothiols in the intact dog 
but not in the isolated heart. Apparently 
no attempt was made to combine the mercurial 
with the thiol before injection and compare 
its toxicity with the parent drug. 

It has long been known that compounds 
of the general structure RHgOH will react 
with many simple salts as follows: 

RHgOir + KBr > RHgBr -f KOH 

where the base formed may be quantitatively 
titrated. Presumably such a reaction goes 
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to completion because of the failure of 
RHgBr to ionize. The common mercurial 
diuretics are prepared by a similar reaction: 

COOXa 

/ 

r/ + h(CvH- 02N4) f 

\ theophvlline 

HgOH 

COOXa 

/ 

R 

'^IlgCC^H-O.jX^) + HoO 

It has been previously shown® that this com- 
bination with theophylline results in a de- 
crease in the local toxicity of the mercurial 
and perhaps a slight improvement in the 
acute cardiac toxicity.’’ Further e.xperiments 
showed that the following reaction: 

cooxa 

/ buffered with 

1} -i- H.SR' CO^tupH'toS 

'^Hg(CTH,02X4) 

(A) 

COOXa 

/ 

R 

'^HgSR' -f- HCC^H^OoX^) 

(B) 

will cause the precipitation of theophylline 
in practically theoretical yield thus suggest- 
ing that the mercaptide is more stable than 
the theophylline complex. The experiments 
described above correspondingly demonstrate 
a very considerable decrease in the cardiac 
toxicity for a compound of structure B 
(MT6) as compared with compounds of 
structure .A. (Mercuhydrin, IMercuzanthin, 
Salyrgan-Theophylline) . These results are 
quite out of line with those of Long and 
Farah® in which treatment with the thiol pro- 
ceeded the injection of the mercurial. This 
might have been e.xpected, however, because 
in their experiments the thiol would be re- 
quired to compete for the mercurial with 

S DeGraff , A. C., Batterm.an, R. C., and Lehman, 
R. A., Proc. Soc. Exp. Biol. Aim Med., 1938, 38, 
373. 


whatever group the mercurial combines with 
in the tissues. The difference they observed 
in the effectiveness of 2,3-dimercapto propa- 
nol as compared with simple monothiols maj”^ 
then be caused by a difference in the fate 
of the detoxifying agent. 

A number of reports have recently appeared 
concerning the general subject of detoxifica- 
tion of heavy metals by formation of mer- 
captides, especially in connection with the 
development of British .Antilewisite. Most of 
this work is not relevant to the acute action 
of mercury on the heart and need not be 
considered here, iloreover, it should be not- 
ed that the magnitude of detoxification dem- 
onstrated in the above e.xperiments is not 
necessarily capable of wide application. Thus 
the acute intravenous lethal doses af a series 
of alkyl mercuric thioglycollates (also de- 
fined by structure B) reported by Cohen® 
are only slightly greater than the maximum 
tolerated doses given in Table III for the 
3 diuretics. 

Clinical studies with MT6 irill be reported 
elsewhere. 

Summary. Alercuric chloride, Salyrgan- 
iheophylline, Mercuzanthin, INIercuhydrin 
and X(y-carboxymethylmercaptomercuri-)3- 
methoxy) propyl camphoramic acid disodium 
salt (AIT6) have been compared with respect 
to their ability to cause cardiac toxicity as 
manifested by changes in the electrocardio- 
gram of the cat. The toxicity has been found 
to decrease in the order named. Compound 
AIT6 causes no immediate changes in the 
electrocardiogram in doses up to 160 times 
the maximum tolerated dose of Alercuhydrin. 
This improvement appears to be due to the 
relatively greater stability of the mercaptide 
as compared with the theophylline complex. 

The .luthor wishes to express his tlciuks to Doctor 
A. C. DeGr.iff and Doctor R. C. Battermau for their 
adrice and cooperation and to the Mlisses Alice 
Sullivan .and Jean Lippold for technical assistance. 


9 Cohen, S. J., J. Pliarm. Exp. Tlierap., 1929 35 
343. ’ 
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Effect oi the Purified Piood Group A Substance on Permeability of the 

Capillaries. 

Ulmch Fmedemann, Frederick B. Traub, and Doretx Langstadt. 
(Introduced by Albert E. Sobel.) 

From the Department of Bacteriology, The Jewish Sospital of Brooklyn. 


In a previous communication/ it was 
shown with the aid of a new method that 
a number of substances increase the permea- 
bility of the capillaries to a very high degree. 
Very active were commercial peptones. Some 
of the constituents of commercial peptones 
were examined, therefore, and in the course 
of these investigations it was found that A 
and B substances of Witebsky had a strong 
effect on capillary permeability. It could not 
be decided, however, whether this effect was 
due to the blood substances themselves or 
to impurities. To answer this question we 
first tried to make use of the observation 
that enzymes in saliva and feces destroy the 
blood group substances.^^ We, therefore, 
treated the AB substance of Witebsky with 
extracts of feces and the saliva of non- 
secretors and examined whether the effect on 
capillary permeability disappeared with the 
blood group activity. These attempts, how- 
ever, were frustrated by the fact that the 
extracts of feces and the saliva of non- 
secretors themselves had a very strong effect 
on capillary permeability. A new avenue of 
approach was opened by the work of Rabat, 
Bendich and Bezer*''-' who succeeded in puri- 
fying the blood group A substance. The 
capillary effect of this substance will be de- 


1 Friedemann, tJ., Traub, F. B., and Langstadt, 
B., J. Immunol., 1946, 54, 197. 

2 ScbiS, F., and Akune, M., Munch Med. 
Wochoisch., 1931, 657. 

3 Stimpfl, A., Z. f. Immimitatsf., 1932, 70, 139. 
■tSehiffi, F., and IVeLler, G., Biochem. z., 1931, 

5i85, 454. 

6Sohi2, F., and Weiler, G., Biochem. z., 1931, 


3S9, 489. 

6 Kabat, E. A., Bendich, A., and Bezer, A. E., 
J. Exp. Med., 1946, S3, 477. 

7 Bendich, A., Rabat, E. A., and Bezer, A. E., 
J. Exp. Med., 1946, 83, 485. 


scribed in the present paper. Included are 
investigations on an inactive substance, like- 
wise isolated by Rabat, which is chemically 
and physico-chemically indistinguishable 
from the A substance but differs from it 
serologically. The nature of this substance 
will be discussed below. 

Methods and Materials. The method used 
in this investigation for the demonstration 
of the capillary effect is the indirect intra- 
cutaneous test with diphtheric fo-xin and the 
indirect intramuscular test with tetanic 
to.xin. Both procedures have in common that 
the increased capillary permeability manifests 
itself in the increased effect of the antito.xin. 
The details of this method, and the evidence 
for this interpretation of the experimental re- 
sults were presented in our previous com- 
munication.^ 

The preparation of the purified A sub- 
stance has been described by Rabat, Bendich, 
and Bezer.®-'^ Gastric mudn or stomach linings 
of hogs were digested with pepsin and puri- 
fied with the aid of the method of Morgan 

TABLE L 

CapiZiary Effect of the Purified Blood Group A 
Substance as Demonstrated by the Indirect Skin 
Test with Diphtheric Toxin. 


Dilution, 
of toxin 

Series A 
(control) 

Series B 

1:50 

N 



1:100 

N 

E-P-}- 

1;200 


E+ 

1:400 


E-^ 

1:800 

E-f-f 

0 

1:1,600 

E-f-f 

0 

1:3,200 

E-f 

0 

1:6,400 

0 

— 

1:12,800 

0 

— 


N: necrosis. 

E: erythema. 

Number of -t- indicates extent of erythema. 
O; no reaction. 

— : not done 

Results read after 72 hr. 
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TABLE n. 

Capillary Effect of the Purified Blood Group A Substance aud of a Preparation Containing 
00% A Substance and 40% “Inactive Substance” as Demonstrated by the Indirect Test vrith 

Tetanic Toxin. 


Dilution 
of antitoxin 

Series A 
(control) 

Series B 

Series C 

1:20 

4-6, L.T. 1 

— 

— 

1:40 

+6, L.T. 1 

— 

L.T. 2,0 

1:S0 

4-3, 4-3 

— 

L.T. 2,0 

1:160 

4- '2, 4-6 

L.T. 1 

L.T. 2 



L.T. 2 

L.T. 5 

1:320 



L.T. 1 

-t-5, -f-S 



L.T. 4 


1:640 



. 4-2, G.T. 4 

-1-3, -1-6 

1:1,280 

— 

4-5, G.T. 4 

4-3, 4-3 


— : not done. 

0: no symptoms. 

L.T.: local tetanus. 

G.T.: general tetanus. 

+ : indicates death 

Numerals indicate day of onset of tetanus or of death. 


and King.® The stomachs of some hogs 
yielded the pure .A substance while from oth- 
er stomachs a second substance was obtained, 
chemically identical with the A substance but 
serologically inactive. Finally, from the 
pooled hog stomachs was obtained a product 
composed of 60% of .A. substance and 40% 
of inactive substance. These 3 preparations 
were kindly placed at our disposal by Dr. 
Kabat. In the follotving experiments 1% 
solutions of these substances in saline were 
used. 

Experiment 1. One cc of diphtheric anti- 
to.xin 874 (1600 units per mil.) in a dilution 
1:50 was injected intravenously into a white 
rabbit weighing 2500 g. Immediately after- 
ward 0.1 cc of serial dilutions of diphtheric 
toxin 1116 were injected intracutaneously. 
The serial dilutions of toxin were injected in 
duplicates. In Series A the toxin was diluted 
in saline solution, in Series B it was diluted 
in a 1% solution of the purified A substance. 
The results are recorded in Table I. 

It wdll be seen from Table I that at least 
8 times more toxin has been neutralized in 
Series B than in Series A. This result we 
interpret as indicating that the purified A 
substance increases the permeability of the 
capillaries of the skin to antitoxin approxi- 
mately S times. 

Experiment 2. 0.5 cc of serial dilutions 

s Morgan, YT. T. .T., and King, H. B., Biocliem. 
J.. 1943, 37, 640. 


of tetanic antitoxin 327 (1200 units per mil.) 
was injected intravenously into guinea pigs 
weighing 250 g. Twenty lethal doses of 
tetanic toxin 1556 (0.1 mil. of a dilution 
1:25) were injected intramuscularly. The 
e.xperiments were carried out 3 times. In 
Series A the toxin was diluted in saline solu- 
tion, in Series B in a 1% solution of the 
purified A substance and in series C in a 
solution of the preparation containing 60% 
.A substance and 40% inactive substance. 
The results are recorded in Table II. 

.Again in Series B the antitoxin is approxi- 
mately S times more effective than in Series 
.\. In Series B the minimal concentration 
which protected both animals against death 
was 1:320 while in Series .A even a concen- 
tration 1:40 protected only one animal. In 
Series C the antitoxin was approximately 4 
times more effective than in Series .A. These 
results indicate that a 1% solution of the 
purified .A substance increased the permea- 
bility of the capillaries to antitoxin about 8 
times while with a 1% solution of the prep- 
aration containing 60% .A substance and 
40% “inactive” substance the increase was 
about 4 times. 

Experiment 3. One cc of diphtheric anti- 
toxin 874 (1600 units per mil.) was injected 
intravenously into a white rabbit weighing 
2500 g. 0.1 cc of serial dilutions of to.xin 
1116 was injected intracutaneously. In Se- 
ries .A the toxin was diluted in saline, in 
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TABLE III. 

Capillary Effect of tlic “Inactive Substance” as 
Demonstrated by the Indirect Skin Test with 


Dipliflirrie Toxin. 

Dilutions 

Series A 


of toxin 

(control) 

Series B 

1:50 

A’ 

— 

1:100 

A' 


1:200 

E-f-b-b-l- 

E-4--i — 1 — p 

1:400 

E-j- 

E-f-f-f 

1:800 

E-f-f- 

E-p 

1:1,600 

E-f 

0 

1; 3,200 

E-f 

0 

1:6.400 

0 

* 

1:12,800 

0 

— 


N : necrosis. 

E: erythema. 

A'o. of + indicates c.vteiit of erythema. 

O: no reaction. 

— : not done. 

Eesult read after “2 hr. 

Series B in a 1% solution of the “inactive” 
substance. The results are recorded in Ta- 
ble III. 

As may be seen from Table III, the in- 
active substance increases the permeability of 
the capillaries 4 times. 

Discussion. The scarcity of the material 
at our disposal made experiments on a larger 
scale impossible. The quantitative data, 
therefore, require confirmation when larger 
quantities of the purified blood group sub- 
stances will be available. The indirect intra- 
cutaneous test with diphtheric toxin as well 
as the indirect test with tetanic toxin, how- 
ever, leaves no doubt that the purified A 
substance increases the rate of neutralization 
of toxins, presumably resulting from the in- 
crease of the permeability of the capillaries. 
The fact that the “inactive” substance like- 
wise increased the rate of neutralization and 
thus presumably had affected the capillary 
permeability, although to a lesser degree, 
seems at first to detract from the significance 
of our findings. Dr. Rabat, however, has 
authorized us to publish the following per- 
sonal communication; 


“Rabat, Bendich and Bezer* have found 
that Type XIV antipneumococcal horse se- 
rum, which has been shown to agglutinate 
cells of groups A, B and 0,^® gives precipitin 
reactions with both the active and the in- 
active hog substances, leading them to the 
inference that the inactive substance may be 
associated with blood group 0 activity.” It 
is highly probable, therefore, that the capil- 
lary effect of the “inactive” substance is due 
to its relationship to the blood group 0 sub- 
stance. The blood group B substance is not 
available in a purified form and nothing can 
be said, thus far, as to its effect. 

-As shown in our previous communication,^ 
the capacity of increasing capillary permea- 
bility is common to a wide variety of sub- 
stances. To these we now have added the 
purified blood group substances. This find- 
ing assumes additional significance in view 
of the presence of these substances in the 
tissue fluids of secretors. Schiff,^^ and 
Friedenreich and Hartman^- have discussed 
the question whether these substances may 
fulfill any physiological function. On the 
basis of the results reported in the present 
paper, the possibility must be considered that 
they may play a role in the regulation of 
capillary permeability. From this point of 
view the division of human beings into 
secretors and nonsecretors gains added inter- 
est. 

Sum/nory. With the aid of a new method 
it was found, that the purified blood group 
A substance considerably increases capillary 
permeability. Similar results were obtained 
with the “inactive” substance purified by 
Rabat ct al. from hog stomach, and proba- 
bly closely related to the group 0 substance. 

WWeil, A. .T., and Sherman, E., J- Imnotnol., 
1935, 30, 139. 

11 Schiff, F., Cher die hlutgniiipensi>ecifiscUen 
rtiihstancen dc.^ menscJdicticii Koerpers, Gustav 
Fisehcr, Jena, 1931. 

12 Pricdcureich, V., and Hartinaim, G., A 
IiiimiiHiluls/., 193S, 02, 141. 


9 Personal commuineatioii. 
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Reaction of the Human Body Louse: (Pediculiis htimanus corporis) to the 
Ingestion of Guinea Pig Blood. 

Victor Cabasso.* (Introduced by Herald R. Cox.) 

From the Section of Firnl and ISichettsial Jtvscarch, Ledcrlc Lahoratories Division, American 
Cyanamid Company, Pearl Eieer, X. T. 


There seems to be no doubt that man ap- 
parently is the only natural host of the body 
louse. Human body lice have occasionally 
been found on domestic animals but, as Nut- 
tal noted^ . this fact has the same im- 
portance as finding a louse on the hearth- 
rug." 

Charles Nicolle^ on the other hand, in e.x- 
perimental typhus fever studies, had no dif- 
ficulty in feeding lice repeatedly on mon- 
keys (Macacus rhesus) and found that a cer- 
tain proportion of lice when fed on monkeys 
will remain alive for as long as 20 days. 
However, Bacot and SegaP found only rare 
survivors among lice fed on monkeys for 4 
successive days. 

While some successful attempts have been 
reported of feeding body lice on rabbits, 
guinea pigs, mice, fowl, pigeons, etc., many 
more failures are recorded. It has often been 
claimed that blood of certain animals (par- 
ticularly of rodents) is toxic to the genus 
Pediculus but, as Buxton noted,-* no one yet 
has conducted experiments comparing the 
longevity of lice given a single blood meal on 
guinea pigs or rats, or on man, to that of 
unfed lice. 

Thus, the possibility exists that the blood 
of animals, other than of man. is not toxic 
to the body louse, but that the body louse 
is able to digest human blood because its 
digestive enzymes are specific only for human 
red blood cells. 

The following experiments, conducted at 

* Associate member of Pasteur Institute of 
Tunis. 

1 Xuttall, G. H. P., Parasitoloyy, 1917, 10, SO. 

eXicolte, C., Ann. Inst. Pastcnr, 1910, 34, 243. 

UB.acot, A. W., and Segal, Brit. J. Path., 
1922, 3. 125. 

4 Buxton, P. -V.. The Louse, 1939, 2nd edition, 
Edward Arnolds, London. 


the Pasteur Institute of Tunis, seem to con- 
firm this hj-pothesis. Only one species of 
rodent, the guinea pig was used. 

Experiinetit I: One hundred female lice 
from the stock laboratory colony were di- 
vided into 2 lots of 50 lice each (A and B). 
The lice were placed in an incubator at 
oQ-32'’C, and kept unfed for 30 hours in 
order to clear their intestines of the last 
human blood-meal. Lice of Lot A then were 
fed on the arm of a human volunteer while 
lice of Lot B were fed on the shaven and 
cleansed flank of a guinea pig. After feeding 
for one hour, the lice of both lots were seen 
to be fully engorged with blood, as indicated 
by the large red spot in their mid-gut visible 
through the integument. The lice of both 
lots were then returned to the incubator (30- 
32 °C). At hourly intervals thereafter a few 
of the lice were withdrawn from the in- 
cubator, dissected in a drop of saline and 
e.xamined microscopically with the following 
results: 

Lot .4. After one hour the lice showed a 
great number of intact red blood cells al- 
though it was observed that some red cells 
already had been destroyed as evidenced by 
the presence of a chocolate-brown amorphous 
mass. After 2 hours the number of intact 
red blood cells was decreased still further and 
by the end of 4 hours all the red cells had 
been destroyed. The spot in the mid-gut at 
this period appeared dark chocolate-brown, 
or almost black in color. 

Lot B. The red blood cells remained in- 
tact in appearance until the death of the lice 
which generally took place about 48 hours 
after the ingestion of guinea pig blood. The 
intestines were still full of unchanged blood. 
-A. large number of lice died showing signs 
of ruptured intestines or radically altered 
permeability of the intestines. The red color, 
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limited at first to the intestines, diffused pro- 
gressively into the abdominal cavity, into the 
legs and even into the extremities of the 
antennae until the entire louse was red in 
color with a darker spot present in the re- 
gion of the mid-gut. This phenomenon oc- 
curs to a certain extent in normal louse col- 
onies'^ but appears rather more frequently 
among lice fed on guinea pig blood. 

The above observations indicate that it is 
apparently impossible for the body louse to 
digest guinea pig red blood cells. It is be- 
lieved that the intestines are ruptured by 
their exertions to destroy or eliminate the 
guinea pig red blood cells. 

Experiment II. Three lots of 30 lice each 
(15 males and IS females) 12-15 days of age, 
were isolated in separate boxes marked A, B 
and C. The boxes were placed in an in- 
cubator at 30-32 °C, and the lice were held 
unfed for an average period of 36 hours. 
At the end of that time the lice were devoid 
of blood as could be seen through the 
integument. The following experiments were 
then performed: 

Box A. The lice were fed on man for one 
hour. They were then returned to the in- 
cubator and held without further feeding un- 
til death occurred, as follows: 

24 hrs. — 29 lice alive; all fully engorged 
(1 male died prior to feeding) 

48 ” — 29 lice alive; digestion of the blood 

meal completed 

72 ” — 2 males and 2 females dead; 25 

lice alive, intestines completely 
empty 

96 ” — no changes observed 

120 ” —all lice dead 

Box B. These lice were fed on the shaven, 
cleansed flank of a guinea pig for one hour, 
and then stored unfed in the incubator (30- 
32 °C) until death occurred as follows: 

24 hrs. — 30 lice alive; all fully engorged; 

no visible digestion of blood ap- 
parent 

4 g ” — 2 males and 4 females dead, the 
remaining lice move with diffi- 
culty; a large number show signs 
of ruptured intestines 

72 ” all lice dead; the intestines are 


still filled with blood of normal 
appearance 

Box C. These lice which had already been 
starved for an average period of 36 hours, 
were held unfed in the incubator (30-32 °C) 
until death occurred, as follows: 

24 hrs. — 30 lice alive; intestines complete- 
ly empty 

48 ” — 1 female and 4 males dead 

72 ” — all lice dead 

An analysis of the above data indicates 
ithat: (1) Lice starved for an average of 36 
hours, then fed only once on man, remain 
alive for approximately 4 additional days. 
This is the normal survival time of unfed 
lice under optimal conditions. (2) Lice 
starved for 36 hours following a human blood 
meal, and then allowed to feed once on a 
guinea pig, all die by the third day after in- 
gestion of the guinea pig blood. Hence the 
time elapsed from the last human blood meal 
to the death of the experimental lice is ap- 
proximately 4 to 4J4 days. Thus, the total 
survival time of the lice (dating from the 
time of the last human blood meal) which 
fed on guinea pig blood (Box B) is approxi- 
mately the same as that of lice which were 
starved for the same length of time but then 
fed a single time on human blood (Box A), 
or not fed at all (Box C). 

Experiment III. Fifty 13-day-old lice were 
isolated in a box and held unfed in an in- 
cubator (30-32'’C) for 33 hours. One died 
during this period. The remaining 49 lice 
were fed on a guinea pig for one hour and 
when fully engorged were placed in an in- 
cubator at 37°C for 2 hours. The purpose 
of this was to induce rapid dehydration and 
reduction of the guinea pig blood meal, per- 
mitting immediate feeding of the lice upon 
their withdrawal from the incubator. They 
were then fed on man for one-half hour. 
Subsequent half-hour human blood feedings 
were continued twice daily, morning and eve- 
ning. All lice in this experiment remained 
alive until natural death occurred on the 
35 th to 40th day. 

The above observations seem to confirm 
the hypothesis that guinea pig Wood per se 
is not toxic to the body louse, since lice tha 
have fed once on a guinea pig live their nor- 
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mal life span when they are allowed to con- 
tinue their daily feedings on human blood. 

Summary and Conclusions. Contrary to 
general belief, the experiments reported above 
indicate that guinea pig blood per se is not 
toxic to the human body louse. 

In the first experiment it was demonstrated 
that the red blood cells of guinea pigs re- 
main undigested in the gut of the louse. 

In the second experiment it was shown 
that lice starved for an average period of 
36 hours and then fed once on a guinea pig. 


die within 72 hours, apparently of starvation. 
Control lice fed only on human blood, like- 
wise were found to die 4 to 4}4 days follow- 
ing their last human blood meal. 

In the third e.xperiment it was shown that 
lice fed once on guinea pig blood live their 
normal life span when their daily feedings 
are continued subsequently on human blood. 

It would appear that human body lice 
secrete a digestive enzyme specific only for 
human red blood cells which makes it im- 
possible for them to digest guinea pig blood. 
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Mass Infection of Body Lice with Rickettsia prowaseks, 

Victor C.ybasso.* (Introduced by Herald R. Cox.) 

From the SecUon of Viral anti Biclettxial Ursearrh, Lederle Lnboralories Division, American 
Ci/<‘»amiil Comjxiiiii. Pearl River, X. 1'. 


In a preceding article* it was reported that 
body lice (Pediculus humanus corporis) 
which have engorged on guinea pig blood are 
unaffected and remain alive for their normal 
life span if subsequent feedings are continued 
almost immediately (within 2 hours) on 
human blood. As a result of this observation, 
infection of human body lice with Rickettsia 
prowazcki was achieved on a large scale, fol- 
lowing a single meal on an infected guinea 
pig- 

The inconveniences and disadvantages of 
infecting lice by the rectal route, the method 
employed by Weigl- for the preparation of 
typhus vaccine, are well known. Infection of 
body lice by feeding them on human typhus 
cases, while feasible, is nonetheless rather im- 
practical. Guinea pigs, on the other hand, 
may be easily infected and maintained in 
the laboratory. The advantages of feeding 
lice on infected guinea pigs, followed by feed- 
ing the lice subsequently on typhus immune 

* Associate member of Pasteur Institute of 
Tunis. 

1 Cabasso, X'., Pnoe. Soc. Exp. Biol. .vxr> 51 ei>.. 
19i7. 04. 437. 

2 Weigl, R., Arch. Inst. Pa.Ainr Tunis. 1033. 22, 
315. 


humans, for the ultimate preparation of 
typhus vaccine are obvious. 

Method oj injection. Fifty female lice 12- 
13 days of age were starved for 30 hours. 
These lice, as could be seen through the 
integument, were devoid of blood. They were 
then allowed to feed on a guinea pig infected 
10 days previously with the Tunis strain of 
classical louse-borne typhus. 

The flank of the guinea pig had been 
shaved and rubbed with alcohol, as lice often 
refuse to feed if the guinea pig is not pre- 
pared in this manner. In 30 minutes the 
’ice were fully engorged, as indicated by the 
large red spot visible in the mid-gut. 

The lice were then placed for 2 hours in 
an incubator at 37°C, in order to induce 
rapid dehydration and reduction in volume 
of the engorged guinea pig blood. They were 
then allowed to feed on a typhus-immune 
man for one-half hour. Subsequent human 
blood feedings on a tj-phus-imraune individ- 
ual were continued twice daily. By the end 
of the Sth day, 37 of the 50 lice were still 
alive, while 13 had succumbed. 

A number of the surviving lice were dis- 
sected and preparations of their intestines 
were stained with a mixture of IMay-Griin- 
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wald-Giemsa. Microscopic examination of 
these preparations showed, without exception, 
rickettsiae in large numbers. The following 
experiments were carried out to identify the 
rickettsiae present. 

Experiment I. Excreta of the infected lice, 
collected between the 8th and 10th days fol- 
lowing the infective meal, -were suspended 
in saline and inoculated intraperitoneally in- 
to 4 guinea pigs (51B, 58N, 62N’ and 64N). 
Three guinea pigs showed signs of classical 
typhus 8 to 13 days following the inocula- 
tion; the fourth (64N) died prematurely. 

Forty days after the infective inoculation, 
guinea pigs 5 IB and 58N were immune to 
a challenge inoculation with a guinea pig 
brain suspension of the Tunis strain of typhus 
virus. Guinea pig 62N was sacrificed on the 
10th day; the brain was triturated, suspended 
in saline, and injected intraperitoneally into 
guinea pigs 72N and TSM. Both of these 
latter guinea pigs showed typical clinical 
signs of typhus beginning on the 6th day 
and were immune to the challenge inocula- 
tion given 40 days later. 

Experiment II. The intestines of 10 in- 
fected lice were triturated, suspended in 
saline and inoculated intraperitoneally into 
guinea pigs 68N and 69N. Both animals 
showed signs of classical typhus on the 6th 
day. 

Guinea pig 68N was sacrificed on the 10th 
day and a suspension of its brain inoculated 
intraperitoneally into guinea pigs 74N and 
75?C. Both showed signs of classical tr^phus 
on the 6th and 7th days respectively, and 
were immune to the challenge inoculation on 
the 40fh day. 

Experiment III. Ten intact lice were 
sterilized externally with 70% alcohol, ground 
in a mortar and suspended in saline. The 
suspension was inoculated intraperitoneally 


into guinea pigs 50B, 52B, 65N and 66]\'. 
On the 2nd day following inoculation all 4 
guinea pigs showed severe signs of typhus 
and all showed signs of pronounced cachexia 
at the end of the Sth day. 

Guinea pig SOB was sacrificed on the 10th 
day and a suspension of its brain inoculated 
intraperitoneally into guinea pigs 5SN and 
56K. Guinea pig 55N died prematurely 
while 56N showed signs of typhus on the 
7th day and was sacrificed on the 12 th day. 
.4 suspension of its brain was inoculated in- 
traperitoneally into guinea pigs 60N and 
6 IN, both of which showed signs of typhus 
on the 6th day and were immune to the 
challenge inoculation on the 40th day. 

Guinea pigs 65N, 66N and S2B died on 
the 7th, 7th and 16th days, respectively, 
following inoculation. On autopsy the or- 
gans showed no abnormal appearance except 
that the viscera were covered with a glossy 
white, membranous-like film. Smears of this 
material when stained with Giemsa showed 
innumerable rickettsiae, both free or enclosed 
in protoplasm of endothelial cells. 

The virus which proved to be extremely 
virulent on direct inoculation of infected lice 
into guinea pigs, assumed its normal char- 
acteristics with the usual incubation period 
on the first passage from guinea pig to guinea 
pig- 

Summary and Conclusions. The experi- 
ments reported above indicate that human 
body lice fed once on a typhus-infected guinea 
pig at the height of the febrile period, and 
subsequently fed on a ti'phus-immune 
human, develop massive infection with 
Rickettsia prowazeki. In comparison to the 
rectal inoculation of lice for the preparation 
of the Weigl type typhus vaccine, this method 
of infecting lice seems to offer certain ad- 
vantages. 
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Response of Anemic Chicks to Peteroylglutamic Acid.* 

E. I. Robertson, Grace F. Fiala, M. L. Scott, L. C. Xorris, and G. F, Heoser. 

Front the J.!/ric!tUural Fjpcrinitiif Sliitioii and the School of Xntrition, Cornell Vnicersity, 

Ithaca, X. r. 


In the course of studying the quantitative 
requirements of chicks for pteroylglutamic 
acid (folic acid)/ information was desired re- 
garding the ability of anemic chicks to make 
effective use of this substance in order to 
compare their response to that of anemic 
monkeys reported by Day and associates, - 
and that of human subjects described by 
Spies and co-workers/'’ 

Experimental and Results. Exp. 1. Sur- 
viving chicks of several experiments were di- 
vided at random into 2 groups of 12 chicks 
each. These chicks had been reared to 4 
weeks of age on Diet 653 described by Hill 
and associates.’ Microbiological assays indi- 
cated that the diet contained about 2 of 
free pteroylglutamic acid and about 3 lig 
in the conjugate form per 100 g of diet. The 
hemoglobin levels of these chicks averaged 
2.7 g per 100 cc of blood with a range of 
0.6 to 6.2 g per 100 cc. 

The chicks in one group were injected in- 
tramuscularly with 100 fig of pteroylglutamic 
acid;* those in the other group were main- 
tained as controls. Hemoglobin values and 
percentage of reticulocytes were determined 

* Tlie research work described in this paper was 
supported in part by grants from The Nutrition 
Foundation. Inc., New York, N. Y., and from 
Lederlc Laboratories, luc.. Peart River, N. Y., and 
the tVestern Condensing Company, San Francisco, 
Caiif. 

1 Robcrtsitn, E. I., Daniel, Louise J., Farmer, 
Florence A., Norris. L. C., and Heuser, G. F., 
Proc. Soc. Exv. Biol, .vsn ilEO., 1946, 02, 97. 

- Day, P. L., iliins, V., and Totter, J. n., 
J. Biol. C/iem., 194a, 101, 4a. 

3 Spies, T. D.. Yilter, C. P., Kocli, il. B., and 
Caldwell, M. H., So. il«l. J., 1945, 38, 707. 

I Hill, P. TV.. Norris, L. C., and Heuser, G. F., 
J. Xutniion, 1944, 28. 175. 

t The authors are indebted to Lederle Labora- 
tories, Inc., Pearl River, N. Y., for pteroylglutamic 
acid. 


at 2, 4, 6, 9, 11, 13 and 16 days following 
the single injection of pteroylglutamic acid. 

In the group receiving the vitamin, 3 
chicks died the day injections were made but 
no other mortality occurred during the ex- 
perimental period. In the control group, 6 
chicks died during the first 2 days and only 
2 were alive at the end of the experiment. 

The percentage of reticulocytes was strik- 
ingly greater in the group receiving the 
pteroylglutamic acid. Reticulocytosis reached 
a peak on the 6th day following injection 
after which it subsided rapidly to less than 
10%, which is the level usually observed in 
untreated chicks. The peak of reticulocy- 
tosis in all cases was reached before the 9th 
day following the injection. These relation- 
ships are shown in Fig. 1. 

Reticulocytes increased slightly in the sur- 
viving chicks in the control group. This in- 
crease may have been due to mobilization of 
pteroylglutamic acid in the catabolism of 
body tissues, or it may have been the result 
of normal erythropoietic stimuli occurring in 
this severe stage of anemia, analogous to 
spontaneous remission in pernicious anemia 
in humans. 

The hemoglobin response was no less strik- 
ing than the reticulocyte increase. Two days 
following the injection of pteroylglutamic 
acid, hemoglobin values had increased in 
most chicks. The increase was definite in all 
chicks by the 6th day. The peak in hemo- 
globin level was reached in 9 days, coin- 
cidental with the rapid decrease in reticulo- 
cytes. 

Exp. 2. The purpose of this experiment 
was to compare oral administration with in- 
tramuscular injection of pteroylglutamic 
acid, and to establish the amount of the 
vitamin required for optimum reticulocytosis 
and hemoglobin formation. Seventv chicks 
which had been reared to 4 weeks of age on 



442 


Response to Pteroylglutamic Acid 



DAYS FOLLOWING INJSCTION OF PTEROYLGLUtAMIC ACID 



Pig. 1. 

Eeticuloeyte and liemogloljin le-sponse of chicks to a single injection of ptoroylglutaniic acid. 


TABLE I. 


Hesponse of Chicks to PteroylgluLtmie Acid. 






Days following treatment 




Groups 

0 

4 7 

Body wt (g) 

11 

0 4 7 11 

Hb level (g/lOOml) 

4 7 

Reties. (%) 




' 







Basal 

114 

112 

108 

(0)1 

1.7 

0.7 

1.2 

— 

11 

20 

In feed* 

109 

129 

108 

220(4) 

.3.1 

3.2 

0.4 

7.3 

00 

47 

Ini. nuth: 

5 MS 

115 

143 

140 

103(3) 

2.1 

2.2 

3.2 

3.7 

40 

25 

10 

113 

144 

128 

155(4) 

2.4 

2,8 

4.1 

3,4 

42 

20 

20 

109 

131 

148 

159(5) 

2.0 

2.7 

4,1 

3.0 

59 

35 

30 

117 

15B 

179 

198(5) 

2-2 

3.2 

5.0 

0.1 

03 

41 

40 

117 

130 

131 

158(3) 

2.1 

3.4 

0.2 

7.3 

72 

17 

50 

130 

105 

174 

192(5) 

2.3 

4.4 

/ .o 

8.0 

73 

39 

Oral: 

5 

109 

131 

129 

132(4) 

2.2 

1.0 

1.4 

1.3 

42 

11 

10 

125 

130 

145 

157(3) 

2.8 

1.4 

1.7 

1.8 

20 

25 

20 

118 

131 

131 

145(3) 

2.2 

1.9 

2.7 

2.8 

41 

39 

30 

1 9.9, 

147 

153 

102(3) 

1.9 

2.8 

3.4 

3.0 

56 

39 

40 

117 

144 

154 

150(5) 

2.7 

3.7 

3.8 

3.5 

51 

26 

50 

114 

138 

140 

101(4) 

1.9 

3.5 

4.0 

4.0 

75 

39 


* 500 ng of folic acid per 100 g of feed from 0 to 7 days; 250 (ig thereaftei’. 
t Numbers in parentheses indicate surviving chicks. 


Diet 653 but without pteroylglutamic acid, 
and whose hemoglobin levels ranged between 
1 and 4 g per 100 cc of blood, with weights 
between 100 and 150 g, were divided into 14 
groups of 5 chicks each. Six groups were 
used for oral administration, and 6 groups 
for injection of pteroylglutamic acid. Of the 
remaining groups one was maintained as con- 
trol and the other received the vitamin in its 

diet. . 

The resulLs of Exp. 2 are presented in 


Table I. Reticulocytosis was greater on the 
4th than on the 7 th day following treatment. 
This applies to the chicks which received 
pteroylglutamic acid in their diet, and to those 
to which the vitamin was administered orally 
or by intramuscular injection. 

Hemoglobin levels were greatest in the 
groups which received pteroylglutamic acid by 
injection. When the vitamin was supplied 
in the feed it produced a greater response 
in the hemoglobin level than when admin- 



Response to Pteroylglutaiiic Acid 


443 



0 5 10 20 30 40 SO 


UG OF PTER'OYLGLUTAMIC AGIO 
Pig. 2. 

Tlif iiemoglobin response of chicks to varying 
levels of pteroylglut.amie acid. 

istered orally but separate from the feed. In 
all cases the response was proportional to the 
amount of pteroylglutamic acid administered. 
In the oral and injected groups the hemo- 
globin response was more pronounced at 7 
than at 4 days following treatment. The 
values for the 11th day were variable due 
to the loss of some chicks. Hemoglobin in- 
creases after 7 days were plotted .and the 
results are shown in Fig. 2. 

Intramuscular injection of pteroylglutamic 
acid was approximately twice as effective in 
increasing hemoglobin as the same amount of 
the vitamin given orally. This may be due 
to actual destruction during the digestive 
processes, or to limited absorption of the vita- 
min. 

The chicks receiving a diet containing 250 
to 500 ug pteroylglutamic acid per 100 g 
of diet did not show increases in hemoglobin 
as great as that produced by the injection 
of 50 pg of the vitamin. Based upon feed 
consumption during the 7-day period the 
average intake per chick was estimated to 
be 486 lig of pteroylglutamic acid. The re- 
sponse of these chicks in hemoglobin increase 
was similar to that produced by the injection 
of 40 /ig of the vitamin. 

Discussion. The data reported for anemic 


chicks indicate that their response to pteroyl- 
glutamic acid is similar to that of other spe- 
cies. Spies and associates""' reported peaks in 
reticulocyte response in 6 to 8 days following 
intravenous injection of folic acid in humans 
afflicted with macrocytic anemia in relapse. 
The peak of reticulocytosis rarely reached 
20%. Day and co-workers- observed a 7 
to 47% increase in reticulocytes between 4 
and 7 days following the administration of 
Lactobacillus casei factor to vitamin !M-defi- 
cient monkeys. The data reported here for 
anemic chicks show that reticulocyte response 
reached a peak 4 to 6 days following ad- 
ministration, and often e.xceeded 90% for in- 
dividuals. It appears, therefore, that pteroyl- 
glutamic acid stimulates reticulocytosis in the 
chick the same as has been reported for man 
and monkey. 

These data indicate that intramuscular in- 
jection of pteroylglutamic acid was more ef- 
fective than oral administration in increas- 
ing the hemoglobin levels of anemic chicks. 
However, Goldsmith^ found oral administra- 
tion equally or more effective in increasing 
hemoglobin levels of humans with macrocytic 
anemia. .-V possible explanation of this dif- 
ference may be that suboptimum amounts 
of the vitamin were given to the anemic 
chicks. 

Summary. Chicks deprived of pteroyl- 
glutamic acid (folic acid) for the first 4 
weeks of life respond dramatically to a single 
administration of the vitamin given either 
orally or intramuscularly. The reticulocyte 
response preceded hemoglobin increase and 
reached a peak 4 to 6 days following admin- 
istration. Intramuscular injection of pteroyl- 
glutamic acid was more than twice as effective 
as the same amount administered orally. The 
hemoglobin increase in 7 day's was propor- 
tional to the amount of pteroylglutamic acid 
administered either by mouth or by intra- 
muscular injection. 

Goltlsiuitli, Grace .4., Pboc. Soc. Exp. Bi^ 
-IXD itED., 1947, 64, 11.7. 
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Stability of Thrombin in the Presence of Fibrinolysin.'* 
Anthony J. Gt.azko. 

From the Department of Biochemistry, Emory University, Gcoryia.i 


Under certain conditions blood shows 
marked proteolytic activity, and digests such 
substrates as casein, gelatine and fibrin.^ It 
has recently been shown that the proteolytic 
activity of serum is due principally to an 
endopeptidase which is homospecific with an 
enzymatic component of papain.- Earlier 
work has demonstrated the existence of an 
enzyme precursor (“profibrinolysin”) in 
blood, which is spontaneously activated fol- 
lowing the destruction of an inhibitor by 
treatment with chloroform or certain other 
denaturing agents.-'*’^ It is also activated 
specifically by a substance found in strep- 
tococcal cultures which is known as strep- 
tokinase.® To avoid confusion of terminology, 
the nomenclature suggested by Loomis, 
George and Ryder® has been used through- 
out this paper. The effect of trypsin on the 
clotting activity of thrombin was studied by 
Glazko and Ferguson’’® prior to the recogni- 
tion of fibrinolysin as an important blood 
protease. The work presented here demon- 
strates clearly that fibrinolysin has no ap- 
preciable effect on thrombin, confirming 
statements made by others.®’® In addition 

* Aided by a grant from tlie Life Insurance 
jSIedical Besearcli Fund. 

t Present address: Parke, Davis and Co., De- 
troit. 

1 Christensen, L. B., J. Gen. Physiol., 1945, 28, 
363. 

- Fruton, J. S., J. Biol. Clicni., 1946, 166, 721. 
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4 Cliristensen, L. B., J. Gen. Physiol., 1946, 30, 
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5 Cliristensen, L. B., and MacLeod, C. M., J. 
Gen. Physiol., 1945, 28, 559. 

c Loomis, E. C., George C., and Byder, A., Arch. 
Biochem., 1947, 12, 1- 

7 Glazko, A. J., and Ferguson, J. H., Pkoc. Soc. 
Exp. Biou and Med., 1940, 45, 43. 
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it was observed that the thrombin prepara- 
tion used in these e.xperiments had some 
stabilizing effect on fibrinolysin. These re- 
sults are of interest because of the dose as- 
sociation of thrombin with fibrinolysin in 
globulin fraction 111-3,^® and of prothrombin 
with profibrinolysin in globulin fraction 
III-2.li 

Materials and Methods. In studying 
thrombin stability, serial dilutions of throm- 
bin were made in 5 ml volumes of buffered 
saline, containing M/100 phosphate at pH 
7.4 and a small amount of phenyl mercuric 
borate to prevent bacterial growth. The 
thrombin preparation was obtained commer- 
cially as Lederle’s “Hemostatic Clotting 
Globulin.” After warming to 38 in n 
%vater bath, 1 ml portions of enzyme solution 
were added to each thrombin dilution, and 
the mixtures were maintained at 38T. 
Clotting tests were performed at regular in- 
tervals by removing O.S ml of each mixture 
and transferring to 1.0 ml portions of .0.157° 
fibrinogen solution at 25 °C. Clotting times 
were measured from the moment of addition 
of thrombin to the first appearance of a clot. 

The stability of fibrinolysin in the pres- 
ence of thrombin was estimated by measure- 
ment of the time required to lyse a standard 
fibrin clot. Equal volumes of thrombin and 
fibrinolysin solutions were warmed to 38°C, 
mixed and tested at intervals for fibrinolytic 
activity by transferring O.S ml amounts to 
0.2 ml of fresh 1:10 thrombin, and then add- 
ing 1.0 ml of saline and O.S ml of 0.6fo 
fibrinogen solution. Lytic times were meas- 
ured from the time of addition of fibrinogen 
to the time at which the gel structure of the 

aSeegers, TV. H., and Loomis, E. C., Science, 
1946, 104, 461. 

10 Glazko, A. X, X Clin. Invest., 1947, (M.ay), 
in press. 

iiEdsaU, X T., Ferry, E. M., an^d -Armstrong, 
S. H., X Clin. Invest., 1944, 23, oo7. 
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TABLE I. 

Stability of Thrombin in tlie Presence of Globulin Fraction III-3. 


Tlirombin 

dilution 



Incubation time (hr) 





No protease added 



■With protease added 


b 

1 

5 

20’ 

0 

1 

5 


20 

1:2 

4 

4 

4 

4 

5 

5 

5 


5 

1:4 

0 

5 

5 

5 

0 

7 

7 


7 

1:8 

7 

7 

7 

7 

9 

8 

9 


8 

1:16 

9 

10 

11 

13 

12 

13 

13 


14 

1:32 

13 

14 

16 

19 

17 

10 

17 


20 

1:64 

21 

23 

25 

33 

20 

19 

23 


28 

1:128 

34 

37 

45 

67 

24 

25 

28 


43 

1:236 

75 

70 

85 

170 

25 

25 

30 


65 

No thrombin added — 

— 

— 

— 

30 

32. 

48 


40 

Body of table gives clotting times in seconds. 







Incubation mixture: 5 

ml thrombin + 1 ml ( 

— 10 mg) 

globulin III-3. 




Clotting test: 

0.5 ml incubation mixture 4- 1.0 ml 0.15% fibrinogen. 







TABLE II. 







St.ability of Thrombin in the Presence of Fibrinolysin. 







Incubation time (hr) 




Tlirombin 

* 

Xo euzvnie added 



Fibrinolysin added 

\ 

dilution 


















A 


0 

1 

3.5 21 

46 

0 

1 3.5 


21 

46 

1:2 

5 

5 

5 5 

5 

5 

5 5 


5 

5 

1:4 

6 

(5 

6 6 

5 

6 

6 6 


6 

6 

1:8 

8 

s 

S 9 

9 

S 

8 8 


9 

8 

1:16 

13 

13 

13 13 

14 

12 

13 13 


13 

13 

1:32 

20 

20 

21 22 

22 

20 

oo oo 


24 

25 

1:64 

30 

35 

39 42 

46 

30 

34 38 


42 

44 

1:128 

55 

57 

70 77 

77 

50 

52 55 


65 

72 

1:256 

85 

90 

120 140 

ISO 

85 

100 100 


125 

150 

No thrombin added — 

— 



— 

— 




— 

— 


Body of table gives clotting times in seconds. 

Incubation mixture: 5 ml tlirombin + 1 ml (= 1 mg) fibrinolysin. 

• 'lotting test: O.o ml incubation mixture + 1.0 ml 0.15% fibrinogen. 


clot broke down on gently tilting the tube. 

The fibrinogen, prepared from beef blood, 
was obtained through the courtesy of Dr. J. 
D. Porsche of .Armour and Company. Xega- 
tive tests were obtained for the presence of 
prothrombin, and no lytic activity appeared 
when the fibrinogen was treated \%-ith an ac- 
tive streptokinase preparation. 

Two different sources of fibrinolysin were 
used in these experiments. Globulin frac- 
tion was first used as a convenient 

source of the protease, although it was later 
found to contain appreciable amounts of free 
thrombin.'" A second source of enzyme was 

; Obt.uined through the courtesy of Dr. John T. 
Eds.ull, and prep.ared under a contract between 
the OSRD and Harvard University from human 
blood collected by the American Bed Cross. 


tile more highly purified fibrinolysin de- 
scribed by Loomis et which gave nega- 
tive tests for thrombic activity. This was 
used in a buffered saline solution containing 
1 mg of the dry preparation per ml. 

Results. Table I presents the results of 
an e.xperiment in which the stability of 
thrombin was studied in the presence of 
globulin fraction III-3. The clotting times 
were found to remain fairly constant with 
the more concentrated thrombin solutions* 
but dilute solutions showed some increase in 
clotting time. However, there were no si<r- 
nificant differences in the rate of increase 
in the clotting times betiveen the controls 
and the samples containing added protease » 
The samples to which globulin fraction IH-S 
had bee.a added showed some additional 
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TABLE III.. 

Elibrinolytii; Activi'ty of Globulin Fraction 1II-3 
After Incubation rvitli Thrombin at aS^C. 


Thrombin 

dilution 

Incubation time (hr) 

0 

1 

o 

1:1 

r 

17' 

33' 

1:2. 

(5' 

13' 

46' 

1:4 

6' 

12' 

46' 

1:8 

5' 

23' 

>40 

No thrombin added 

5' 

4°38' 

>4“ 


Body of table gives lytic times in hours (o) and 
minutes ('). 

Incubation mixture: 2 ml thrombin + 2 ml 
(= 2 mg) globulin III-3. ■ 

Fibrinolysis test: 0.5 ml incubation mixture 4- 
1 ml saline + 0.2 ml 1:10 thrombin + 1 ml O.G% 
fibrinogen. 

thrombic activity due to the presence of a 
small amount of thrombin in this fraction.^® 
Table II shows the results of a similar 
experiment carried out with the fibrinolysin 
preparation. Here again it is evident that 
the stability of thrombin was not affected by 
the presence of fibrinolysin. .■\11 of the clots 
obtained at the 21-hour testing period were 
completely lysed within 24 hours; and those 


obtained at the 46-hour testing period were 
completely lysed within 54 hours, showing 
that active fibrinolysin was still present. 
However, the mixtures containing the high- 
est concentrations of thrombin retained the 
greatest amount of fibrinolytic activity. The 
shortest lytic time (after the 46-hour incu- 
bation period) was 4 hours for the 1:2 dilu- 
tion of thrombin; 9 hours for the ne.xt higher 
dilution; and progressively longer lytic times 
were observed up to a maximum of 54 hours 
for the sample which contained no thrombin. 
These observations were checked using globu- 
lin fraction III-3 in place of the fibrinolysin 
preparation, and the results of these lytic 
time measurements are given in Table III. 
It can be seen that the solutions containing 
the higher concentration of thrombin retained 
their fibrinolytic activity better than sam- 
ples with little or no thrombin present. 

Summary. It has been shoivn that fi- 
brinolysin does not affect the clotting ac- 
tivity of thrombin, and that the thrombin 
preparation increased the stability of fibrinol- 
ysin under the conditions of these experiments. 
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Effect of Iodine and Adrenalin on Thyrotropin in Graves’ Disease and in 
Noi-mal and Thyroidectomized Dogs. 


Louis J. Soffer, Mario Volterra, J. Lester Gabrilove, Abou Pollack, and 

Mildred Jacobs. 

From Ike Department of Medicine and the Laboratories, The Mount Sinai Bospitat, yeir 

York City. 


This study deals with (1) the evaluation 
of the amount of circulating thyrotropic 
factor in clinical hyperthyroidism, (2) the 
effect of iodine on such circulating thyro- 
tropic factor, and (3) the influence of the 
parenteral injection of adrenalin on thyro- 
tropic discharge from the anterior pituitary 
in the intact and the totally thyroidectomized 


jxperimental animal. 

Method. Biological assay was used for the 
ietermination of thyrotropic factor. This 
technic involves hUtological examination of 
the thyroids of young guinea pigs not ex- 


ceeding 200 g in weight, following subcu- 
taneous injection of 5 cc of serum from the 
patient or experimental animal. The guinea 
pigs were injected on 2 successive days and 
were killed with ether 24 hours after the last 
injection. The thyroid lobes were then re- 
moved, fixed in IQ% formalin, and stained 
with hemato.xylin-eosin. The thyroids were 
then examined for hyperplastic changes. Fol- 
lowing the injection of varying amounts of 
pure thyrotropic factor there occur changp 
in the thyroid characterized by a decrease in 
the amount of colloid in the follicles, an in- 
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crease in the height of the cells lining the 
acini, a decrease in the size of the alveoli, 
and not infrequently mitosis may be ob- 
served.''^ These findings are not dissimilar 
to those observed in the thyroids of patients 
with Graves’ disease. The amount of cir- 
culating thyrotropic factor in the serum of 
our patients and experimental animals was 
determined on the basis of the criteria just 
outlined. 

Specimens of blood were obtained from pa- 
tients with Graves’ disease before treatment 
and again on the 2nd, 4th, 6th, 8th, and 11th 
days after lugolization was started. Five cc 
of the serum was injected into the guinea 
pigs on 2 successive days. The animals were 
killed 24 hours later and their thyroids 
promptly removed. On several patients sam- 
ples of blood were also obtained on the 2nd, 
4th, and 6th days, after subtotal thyroidecto- 
my. The animal experimental studies were 
conducted in dogs. Normal dogs were in- 
jected ivith 1 cc of adrenalin-in-oil twice 
daily. On the 4th day of therapy one lobe 
of the thyroid was removed for histologic 
study. The injections were continued and 
the second lobe of the thyroid was removed 
10 days later. In another group of animals 
a control sample of blood was obtained, a 
total thyroidectomy performed, and injections 
of 1 cc of adrenalin-in-oil twice daily were 
then begun. Specimens of blood were ob- 
tained on the 2nd, 4th, 6th, 8th, and 10th 
days after thyroidectomy. Five cc of serum 
was injected into the guinea pigs on 2 suc- 
cessive days and the guinea pigs’ thyroids 

iLoeb, L. (cited by Rabinovitcli, J.), Am. J. 
Path., 1928, 4, 601. 

- Juukmanii, K., and Schoeller, W., KUn. 
Trchn.^chr., 1932, 11, 1176. 

Ileyl, J. G., and Laqueur, E., Arch. Internat. tie 
Pharmacodyn. et do Therap., 1935, 49, 338. 

^ Raw-son, R. W., and Starr, P., Arch. hit. Med., 
1938. Gl, 726. 


were removed 24 hours later. 

Results. Thirteen patients with Graves’ 
disease were studied in this fashion. In all 
these patients prior to treatment there was 
less circulating thyrotropic factor than is 
found to be present in normal individuals. 
This is consistent with the observation previ- 
ously reported by Rawson and Starr.' Fol- 
lowing lugolization there occurred an increase 
in circulating thyrotropic factor in all pa- 
tients, which reached a peak between the 4th 
and 6th days and then began to diminish. 
In 3 instances the increase in circulating thy- 
rotropic factor was marked, as evidenced by 
the profound hyperplastic changes observed 
in the guinea pig thyroids. In the remaining 
10 patients the increase in circulating thyro- 
tropic factor varied from slight to moderate. 
In a control series of 6 normal individuals 
who were given Lugol’s solution and studied 
in an identical manner there occurred a bare- 
ly perceptible increase in circulating thyro- 
tropin. After subtotal thyroidectomy in pa- 
tients ivith Graves’ disease there occurred a 
further slight increase in the thyrotropic 
factor in the blood. This confirms the ob- 
servations of Rawson and Starr,' who noted 
a similar although much more marked in- 
crease after total thyroidectomy. 

Following the injection of adrenalin-in-oil 
in the intact dogs there occurred marked hy- 
perplastic changes in the thyroid lobe re- 
moved on the 4th day of injection. The 
further administration of adrenalin-in-oil re- 
sulted in a considerable decrease in the hy- 
perplasia of the remaining lobe which was 
removed 10 days later. 

In the totally thyroidectomized dogs the 
injection of adrenalin-in-oil resulted in a 
marked increase in circulating thyrotropic 
factor, which reached its peak approximately 
4 to 6 days after the beginning of treatment 
and thereafter began to diminish. 
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Recovery of the Leukocytosis-Promoting Factor in Exudates of Rabbits.* 

Valy Menkin. (With the assistance of Arnold A. Swanson.) 

From the Department of Surgical Jtesearch, Temple Dniversity School of Medicine, Phila- 
delphia, Fa. 


Earlier studies have demonstrated the pres- 
ence of a leukocytosis-promoting factor in in- 
flammatory exudates.^"^ This factor, which 
has been abbreviated as the LPF has been 
found in canine e.xudates and human exudates. 
Canine material has been found to be active 
in guinea pigs and in human being.s, and the 
factor present in human e.xudates was found 
to be active on dogs. 

The factor has not been successfully iso- 
lated from rabbit exudate although its pres- 
ence has been demonstrated by the author,® 
and has been confirmed by Reifenstein and 
his collaborators.’^ Nevertheless attempts to 
extract the factor from rabbit exudates re- 
sulted in failure. The rabbit is well known 
to be somewhat atypical as to the type of 
polymorphonuclear cells it contains in exu- 
dates, the t3'pe of intracellular enzymes, and 
the changes in the hydrogen ion concentra- 
tion of the exudate, with the progress of in- 
flammation. In the present communication 
observations have been collected which indi- 
cate that the factor can be extracted from 
rabbit e.xudates. Its effect on the absolute 
white count is not very striking when a study 
of normal variations is made on rabbits. IJoyr- 
ever, when one studies the types of leukocytes 
which are being discharged as a result of 

* Aided by a grant from the Agnes Barr Chase 
Foundation for Surgical Research. 

This communication represents Paper No. 36 of 
a series entitled “.Studies on Inflammation." 

1 JXcnkin, V., Am. J. Path., 1940, 16, 13. 

2 iicnkin, V., Arch, Path., 1940, 30, 363. 

3 llenkin, Y., and Kadish, 31. A., Am. J. Med. 
Sei., 1943, 205, 363. 

4 Menkin, Y,, Am. J. Path., 1943, 10, 1021, 

6 3Ienkiu, Y., Arch. Path., 1946, 41, 376. 

cMenMn, Y., Dynamics of Inflammation, Mac- 
millan Co., New York, 1940. 

T Reifenstein, G. H., Ferguson, J. H., and Weis- 
kotten, H. G., Am. J. Path., 1941, 17, 233. 


the injection of the LPF, it is clear that the 
leukocytosis-promoting factor operates pri- 
marily in inducing a rise in the percentage 
of immature leukocytes. It is interesting in 
this connection that Danzer* showed that the 
injection in rabbits of various extracts of or- 
gans deflects the polymorphonuclear count. 
The extracts were prepared from normal mus- 
cle, liver, brain, and testis by shaking the 
minced tissue in saline. Ponder and Mac- 
Leod“ demonstrated that the repeated injec- 
tions of an irritant into the peritoneal cavity 
is correlated with a showering into the blood 
stream of very young polymorphonuclear 
leukocytes of Class I. 

The method employed to extract the LPF 
from rabbit exudates can be outlined as fol- 
lows: 

1. Inflammatory exudates are recovered 
from the pleural cavity by injection of 0.2 cc 
of 5% croton oil in olive oil. A day or 2 
later variable amounts of exudates are ob- 
tained from such region. 

2. Such exudates are immediately treated 
with benzene in a 'proportion of 1:1. 

3. ’The mixture of benzene and exudate is 
stirred under a hood with a stirring apparatus 
for a period of about 20 minutes. 

4. The well-mixed contents are poured into 
a separatory funnel and hejd in such a con- 
tainer until good separation occurs. 

5. The benzene-free fraction is now treated 
with ammonium sulfate at half saturation. 

6. The precipitate is centrifuged. The 
supernatant fluid is discarded and the pre- 
cipitate is dialyzed until free of sulphate ions. 

It is then injected in variable amounts into 
the marginal vein of a normal rabbit. Counts 

SDanzer, M., Quart. J. Bxp. Physiol., 1930, 
20, 141. 

2 Ponder, F., and MacBeod, 3., J. Ptcp. Med., 
1938, 67, 839. 
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TABLE I. 


Effect of Leukocytosis-promoting Factor of Babbit Exudates ou Number of Circulating Leuko- 
cytes. 


Babbit 

No. 

Amt of LPF 
injected, 
ce 

Basal No. of 

Basal white immature "VYBC 

cell count, (one lobe) , 

per min3 % 

Max. No. of 
white cells 
within 6 hr 
folloning injec- 
tion of LPF, 
per mm3 

ilax. No. of 
immature WBC 
(one lobe), 

% 

1-53 

5 

9,325 


13.950 

IS 

1-73 

oo 

9,600 

6 

17,500 

38 

1-59 

13 

S,S75 

O 

15.400 

38 

19-77 

20 

0,S50 

— 

16.300 

30 

19-73 

6 

10,975 

4 

15,400 

30 

1-78 

9 

7,600 

10 

21,600 

35 


Avg 

S,S71 

4-S 

16,692 

31.5 



TABLE II. 



Effoc-t of 

Rnline and Other Inert Mntvrial on Xninber of Circulating Leukocytes in the Rabbit. 





^laxiinuin 





Basal No. of 

No. of 

5Lixiuimn 




immature 

white cells 

No. of 


Amt of 

Basal white IVBC 

within 6 hr 

immature WBC 

Babbit 

material inj 

ceil count. 

(one lobe). 

after injection. 

(one lobe), 

No. 

cc 

per mm3 

% 

per nim3 

% 

2-0 

5 Saline 

S.400 

i 

14.850 

4 

19-92 

5 ” 

7,825 

— 

9,750 

— 

2-0 

5 ” 

6,350 

— 

17,400 

— 

lS-2-1 

6 Serum (rabbit) -5-350 

0 

9,250 

2 

19-97 

15 Saline 

().(>25 

— 

11,550 

— 

1-82 

5 Benzene in borse serum 8,100 



13.650 

— 

1-8S 

10 Saline 

9,075 

4 

16.100 

14 

19-73 

•20 ” 

8,225 

4 

12,150 

2 

1-61 

S Horse serum 

9,325 

4 

13,400 

10 


Avg 

7,697 

3.2 

13,122 

6.4 


are made every hour for several hours and 
blood smears are likewise taken. 

The results of such a series of experiments 
appear in Table I. It is clear that although 
the rise in the circulating leukocytes is not 
e.xcessive, yet the percentage of immature 
leukocytes is markedly increased as a result 
of such an injection. 

The results obtained when the normal vari- 
ation in the leukocytes of rabbits is studied 
indicate that the striking effect of the LPF 
is primarily on the differential count. The 


same fails to hold when various inert materials 
are injected into the circulating blood of nor- 
mal rabbits. The results appear in Table II. 

Summary. The leukocytosis-promoting 
factor is present in rabbit exudates, 'and it 
has been extracted from such fluids. The 
extracted LPF has primarily an effect in in- 
ducing the discharge of immature leukocytes. 
The effect on the absolute level of leukocytes 
is to increase it, but this effect is not pro- 
nounced. 



450 


15826 

Susceptibility of the Gray Fox to Fox Encephalitis. 

R. G. Green and C. S. Stulberg. 

From the Deiiartment of Bacteriology aa4 Immunology, University of Mijinesoia Medical School, 

MitmeapoUs. 


Studies on the adaptation of the virus of 
fox encephalitis to animal species have shown 
that this virus can invade related groups of 
animals with varying degrees of pathogenici- 
ty. In members of the family Canidae, such 
as the red and silver foxes, dogs, and coyotes,* 
experimental infection vrith the virus results 
in a high mortality, while such species as 
the black bear- and the raccoon,* which are 
offshoots of the canines, are only slightly sus- 
ceptible. 

The gray fox (Urocyon) is only distantly 
related to the red fox group (Vulpes). The 
latter is related to European forms, whereas 
the gray fox is probably a survivor of Ameri- 
can preglacial fauna and appears to be more 
closely related to the South American foxes 
and dogs. In view of these relationships, it 
has been of interest to study the suscep- 
tibility of gray foxes to fox encephalitis. 

Our earliest experiments* indicated that 
gray foxes inoculated with the virus by 
cisterna puncture did not show evidence of 
infection. In a later experiment one of 2 
gray foxes inoculated by simultaneous cisterna 
puncture and intramuscular injections devel- 
oped symptoms of fox encephalitis and was 
killed at the end of 4 days. Microscopic ex- 
amination revealed characteristic inclusion 
bodies in the meninges and brain capillary 
endothelium. Inclusions were also seen in 
hepatic and reticular-endothelial cells of the 
liver and in the endothelium of the kidney- 
glomeruli. More recently we have been able 
to show that a syraptomless infection can be 

“Tireen, E. G., ZieglerTN. B., Carlson, W. E., 
Shillinger, J. E., Tyler, S. H., and Dewey, E. T., 
Am. J. Byg., 1934, 19, 343. 

2 Stulberg, C, S., and Green, S. G., Pkoc. Soc. 
Exp. Biol. ani> Med., 1947, 64, 88. 

3 Green, B. G., Evans, C. A., and Yanamura, 

H Y., Prog. Soc. Exp. Biol, and Med., 1943. 

53, 186. 


produced regularly in gray foxes and that 
only occasionally will an infection result in 
death. 

Attempts were made to infect gray foxes 
by intracerebral, intraperitoneal, or intraocu- 
lar injections. Such inoculations in red fo.xes 
result in an acute systemic infection with a 
high mortality.*’* Endothelial cells of or- 
gans infected, particularly the endothelial 
cells of the brain capillaries, show intra- 
nuclear inclusion bodies which are character- 
istic of the disease.® When the virus is in- 
oculated into the anterior chamber of the 
eye, the single layer of endothelial cells lin- 
ing the posterior surface of the cornea is in- 
fected. This is indicated by the presence of 
inclusions and the development of a corneal 
opacity.* 

The virus regularly used in our e.xperi- 
mental work is a homogenized suspension of 
infected fox brain preserved as 20%> tissue 
in 50% neutral glycerin. The source of each 
of virus lots 77, 88, and 98 were pooled brain 
suspensions from not less than 10 infected 
red foxes which were allowed to die from 
the infection or were killed m extremis. These 
pooled viruses were subsequently tested in 
red foxes and were found to be highly virulent. 

In a preliminary e.xperiment the 20% sus- 
pension of pooled lots 77, 88, and 98 was 
diluted to a 2% suspension in Ringer’s solu- 
tion. 0.1 cc was injected into the anterior 
chamber of the left eye of an 8-weeks-old 
gray fox pup. In 3 days the eye was com- 
pletely opaque. The animal was killed, and 
smears of the corneal endothelium showed 

I Green, E. G., Ziegler, N. B., Dewey, E. T., and 
SliilUngcr, J. E., Am. J. Byg., 1931, 14, 353. 

5 Evans, C. A., Yanamura, H. Y., and Green, 

B. G., Prog. Soc. Exp. Biol, and Med., 1943, 
53, 183. 

« Barton, J. C., and Green, E. G., Am. J. Hyg., 
1943, 37, 21. 
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typical intranuclear inclusions. The aque- 
ous humor was bacteriologically sterile. No 
inclusion bodies were observed in the brain 
capillaries. Presence of the virus in the brain 
of the gray fox was shown by aseptically 
removing a portion of the cerebellum, which 
was then ground with mortar and pestle and 
diluted to a 5% suspension with Ringer’s 
solution. 0.1 cc was injected into the an- 
terior chamber of the eye of the highly suscep- 
tible red fo.x, which developed a corneal 
opacity in 4 days and died of typical fox 
encephalitis in 5 days. 

0.25 cc of 20 fo pooled virus from lots 77, 
88, and 98 was then inoculated intracerebral- 
ly into two 8-weeks-old gray fox pups. At the 
end of 5 days these animals had not devel- 
oped sjnnptoms, although ivith red fo.xes a 
2- to 4-day incubation period was commonly 
observed under similar conditions. The gray 
foxes were killed and their brains and livers 
were removed aseptically. Microscopic e.x- 
amination revealed no evidence of infection. 
Equal parts of the brains were pooled and 
the mixture diluted to 20% in Ringer’s solu- 
tion. This was designated “gray fox passage 
virus” and was inoculated into a second group 
of 4 young gray fox pups as follows; (1) 0.25 
cc intracerebrally and 0.1 intraocularly into 
the anterior chamber of the left eye: (2) 
0.25 cc intracerebrally; (3) and (4) 0.25 cc 
intracerebrally simultaneously with 0.25 cc 
of pooled 20% virus from lots 77, 88, and 98. 

The first gray fox, which was inoculated 
with gray fox passage virus intracerebrally 
and intraocularly, developed a slight corneal 
opacity in 3 days. The opacity became pro- 
gressively marked by the end of 8 days, at 
which time the animal appeared sluggish in 
its movements and would not eat. The fox 
was killed, and inclusions were found in the 
corneal endothelium but not in the brain or 
other tissues. A portion of the brain was re- 
moved aseptically, ground and diluted to a 
5% suspension in Ringer’s solution, and in- 
jected into the anterior chamber of the eye 
of a red fox. This animal developed a posi- 
tive eye reaction in 3 days and died in 5 days 
with sj-mptoms and microscopic findings of 
fox encephalitis. The second gray fo.x, in- 
oculated with gray fox passage virus intra- 


cerebrally, was normal at the end of 5 weeks. 

The 3rd and 4th gray foxes were inoculated 
intracerebrally with gray fox passage virus 
together with equal amounts of original red 
fox virus. One animal remained normal, 
while the other developed symptoms of fox 
encephalitis by the 8th day. This animal had 
occasional convulsions and exhibited a marked 
weakness of its hind legs. When standing 
up, it appeared to be in a lethargic state, but 
weaved back and forth unsteadily. The fox 
was killed m extremis. Numerous intra- 
nuclear inclusions were found in the brain 
capillary endothelium and in the liver 
reticular-endothelium. Material from the 
brain of this animal, subsequently injected 
intraocularly into a red fox, produced the 
typical eye reaction, symptoms, and death, 
with typical pathology of fox encephalitis. 

The 2 gray foxes that remained normal in 
this group developed a distemper infection 5 
weeks later and were discarded. 

Pooled brain and liver from all the gray 
fo.xes that showed evidence of a fox en- 
cephalitis infection, together with the orig- 
inal pooled virulent red fox virus from lots 
77, 88, and 98, were inoculated into a group 
of 4 young gray foxes. 0.5 cc of • a 20% 
suspension of the pooled tissues was injected 
intracerebrally, simultaneously with 2 cc in- 
jected intraperitoneally. Two of the animals 
were sacrificed at the end of 6 days, al- 
though no symptoms had been observed. 
Microscopic e.xamination of the brains of 
both animals revealed several tjqiical intra- 
nuclear inclusions in the capillary endotheli- 
um. The brain material, subsequently in- 
oculated intraocularly into red foxes, pro- 
duced the characteristic eye reactions, symp- 
toms, and death from fox encephalitis. The 
2 gray foxes that were allowed to live re- 
mained normal for 5 weeks, after which time 
they developed a distemper infection and 
were discarded. When brain from one of these 
animals was inoculated intraocularly into a 
red fox, no vdable virus was found. 

Summary. The results indicate that the 
gray fox is relatively resistant to fox en- 
cephalitis virus virulent for red foxes. It ap- 
pears that the virus wll regularly infect the 
gray fox to produce a symptomless infection. 
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but only occasionally will symptoms appear 
that resemble the disease in red foxes, 

A virulence gradient of this virus for re- 
lated species can be postulated whereby in 
the family Canidae the closely related dogs 
and coyotes {Canis) and red foxes {Vulpes) 


-are most susceptible, the more distantly re- 
lated gray fox (Urocyon) less susceptible, 
and those species which are earlier offshoots 
of the canines, such as the black bear and 
the raccoon, are the least susceptible to fox 
encephalitis. 
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Viability of the Rabbit Papilloma Virus. 

R. G. Fischer and R, G. Green; 

From the Department of Dacteriologtj and Imniunologi/, Dniversilp of Minnesota Medical School, 

Minneapolis. 


Rabbit papillomatosis was described by 
Shope,^ who established that the tumorous 
growth was due to a filterable virus. The 
occurrence of the rabbit papilloma seems to 
have been first recorded by Seton,* but the 
warty growths generally described as rabbit 
horns were well known even previously to 
hunters and naturalists. Thaddeus Surber® 
noted the growths on Kansas cottontail rab- 
bits in 1899. 

Our first studies of rabbit papillomatosis 
were in 1927 and since samples of rabbit 
horns collected by Green at that time were 
preserved, it is now possible to test samples 
for viability that have been in storage for 
almost 20 years. Recently we have tested 
a group of 6 viruses in storage from approxi- 
mately 6 to 20 years. 

From the reports in the literature, it has 
become obvious that stored papilloma tissue 


would remain viable for long periods of time. 
Shope in his original work used papilloma 
tissue which had been stored 1 06 days. Bryan 
and Beard^ used papilloma tissue which had 
been stored for 3 years and found it to be 
capable of producing infections. Samples of 
the Shope virus in our laboratories have been 
stored as pieces of papillomatous tissue in 
50% glycerine, refrigerated at 4‘’C. 

The tissues were tested for viable virus by 
scarifying small areas of skin on the ears 
and flanks of domestic rabbits and applying 
small amounts of centrifuged tissue suspen- 
sions. In preparing materia! for inoculation, 
tissues were ground with a mortar and pestle 
and suspended in 9/10% saline to give a 
tissue suspension of about 10%. The sus- 
pension was centrifuged for one-half hour at 
2000 r.p.m. The supernatant was used for 
the skin inoculation and was applied with a 


TABLE I. 


Duration of Viability of Shape Papilloma Virus. 

Tissue No. 

Source of tissue 

Date coUected 

Date tested 

Length of proven 
viability 

1 

Cottontail rabbit 

Mar. 1027 

Jan. 1947 

19 years 10 mo. 

o 

> ) ff 

Jul. 1937 

Nov, 1946 

9 ” 4 ” 

3 

If 

Apr. 1038 

Jun. 1940 

S ' > 2 

4 

Tf 

Peb. 1939 

Juu. 1946 

7 ” 4 ” 

0 

>} if 

Mar. 1939 

Jul. 1946 

T ” 4 ” 

0 

7f > ’ 

Apr. 1940 

Sep. 1946 

G ” 5 ” 


E- E-> Hurst, E. W., /. Dzp. Med., 
lf)33, 58, 607. 

s Seton, E. T., Dives of Game Animals, Vo), IV, 


3 Personal note to B. G. Green. 

■i Bryan, W. E., and Beard, J. W., J. Nat. Cancer 
Inst., 19il, 1, 607. 


Part II, 787. 
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cotton swab. The dates of virus collection 
and testing are given in Table I. 

All of the above tissues proved capable 
of producing typical confluent papillomatous 
growths in domestic rabbits. The incubation 
period in each case was approximately 2 weeks 
except for tissue No. 1, for which the incu- 
bation period was about 3j4 weeks. 


Summary. Cottontail papilloma tissue 
stored in 50% glycerine at 4°C remains in- 
fective and capable of producing confluent 
papillomatosis for as long as 20 years. All 
6 of the tissues tested after storage from 6 
to 20 years were found viable. This seems to 
establish that Shope virus is extremely stable 
when stored under refrigeration. 
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A Pithed Rat Preparation Suitable for Assaying Pressor Substances. 

R. E. Shipley and John H. Tilden. 

From the Lilly Laboratory for Clinical Research, Indianapolis City Hospital, Indianapolis, Ind. 


Although pithed cats and pithed dogs are 
very useful as sensitive test preparations for 
studying or assaying pressor substances, the 
cost for procurement and maintenance of the 
animals is a considerable disadvantage. Be- 
cause rats are more readily available and 
are much more economical to use when large 
numbers of test animals are involved, an ef- 
fort was made to develop a pithed rat prep- 
aration which would satisfy the requirements 
for pressor sensitivity and reproducibility. 
In the present paper a technic is described 
for setting up a satisfactory rat preparation 
which compares favorably with, and in sev- 
eral respects is superior to, the pithed cat 
or dog. 

Young male rats (albino or hooded) weigh- 
ing 150-300 g were used. The rat was an- 
esthetized by the intraperitoneal injection of 
sodium amytal, 0.09 mg/g body weight. 
.Atropine sulfate (1.2 mg) was given along 
with the anesthetic. The trachea was ex- 
posed and a piece of plastic tubing or rubber 
catheter 6 cm long and 2.5 mm in diameter 
was inserted into the opened trachea. Tub- 
ing of this size fitted snugly and did not 
need to be tied in place. 

Either the femoral or common carotid ar- 
tery was isolated for cannulation. A short 
cannula of small diameter (O.S mm) was tied 
in the artery and connected to a mercury 
manometer by plastic or rubber tubing. A 
dilute solution of heparin was used to prevent 


clotting in the cannula. (It is advisable to 
use a small bore [3.0-3. 5 mm] mercury 
manometer to minimize the loss of blood 
from the rat by displacement into the 
manometer during rises in blood pressure.) 

The vagi were then cut and the jugular 
veins and carotid arteries tied. With the rat 
on its back and the hind feet pinned to the 
operating board the animal was ready to be 
pithed. The pithing rod, 2.2 mm in diame- 
ter, 25 cm long, with one end bluntly pointed, 
was made from an ordinary wire coat hanger. 
By holding the rat’s head taut and in line 
with the vertebrae, with the thumb in the 
angle of the mandible and the forefinger 
around the top of the skull, the point of the 
pithing rod was inserted obliquely into and 
through the eye socket at an angle of ap- 
proximately 45° to the long axis of the rat. 
-\fter the skull was entered the rod was 
realigned with the vertebral column and 
passed through the cranium and thence down 
the whole length of the spinal canal. The 
pithing rod was left in place on the assump- 
tion that it would afford mechanical com- 
pression of blood vessels torn by the rod in 
the process of pithing. 

The tracheal cannula tubing was then 
promptly connected to the respirator sj's- 
tem which included a side tube fitted with 
an adjustable screw clamp. The respirator 
used was an air-driven, windshield wiper time 
with adjustments for varying both rate and 
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Fic. 1. 

Record of iiierin blood pressure in a pithed rat preparation. \Vt. 180 g. 1. Rat pithed. 
2.1.1 . iiij('f'^i'’n of 0 jug of a "Jaboratorr st.andard ” angiotonin poirder in 0.2 ml saline. 3. I.V. 
iiyeetioii of 0.1 ng epinephrine hydrochloride in 0.2 nd saline. Ordinate scale — blood pressure 
in nini Hg. Time marker — 1 minute. (32ZD-14.) 


volume. (Great care must be taken to avoid 
hyperventilation or overdistention of the 
lungs if the development of pulmonary 
edema is to be prevented.) Respiratory rates 
of 50-60 per min. were found to be optimum 
for the rat. Slower rates of 30-40 were 
tolerated but o.\'ygenation of the blood ap- 
peared to be inadequate. With rates slower 
than 20 the rats lived for only a short time. 

For making intravenous injections a small 
portion of skin was cut away from the area 
overlying the femoral vein. Into one end 
of a 6-inch piece of very small plastic tub- 
ing (1 mm O.D.)* was fitted the shaft of 
a 24-gauge hypodermic needle which had 
been cut off below the syringe hub. The 
needle was inserted into the femoral vein and 
left in place, the application of a ligature 
being unnecessary'. Syringes of 0.25 or 1.0 ml 
capacity and graduated in O.OI ml were fit- 
ted with 26- or 24-gauge hypodermic needles 
the beveled points of which had been ground 
off flat. Usually O.I to 0.2 ml of test sample 
was given, syringe and needle removed from 
the plastic tube and replaced by a second 
syringe and needle with 0.1 ml physiological 
saline wash. Care had to be taken to avoid 
the inclusion of very small air bubbles when 
changing syringes. This could be accom- 
plish^ by injecting 0.02 ml of saline and 
quickly replacing syringe and needle with the 

* plastic tubing, A. C. Balfour Asso- 

ciates, Englewood, N.X 


test sample syringe and needle. During this 
e.vchange a slight outward flow of saline 
would e.vpel the small air bubble usually pres- 
ent as the result of the transfer. 

The animal was left undisturbed for yi 
hour before injections were begun during 
which time the depth of respiration was ob- 
served and altered if necessary according to 
the color of the arterial blood and the ex- 
tent of movement of the thorax. With a 
little practice it was found that the optimum 
e.xchange of air could be gauged with rea- 
sonable accuracy from the excursions of the 
chest wall. 

Thirty to 40 minutes after the rat was 
pithed the mean blood pressure usually 
leveled off between 40 and 60 mm Hg. Pres- 
sor responses of 30-40 mm Hg were obtained 
in most of the preparations with only 0.05- 
O.I /ug of epinephrine. Occasionally com- 
parable rises in blood pressure were obtained 
with as little as 0.0125 ^g. In general, the 
sensitivity to angiotonin was from 2 to S 
times as great as that exhibited by the pithed 
cat. A sample record of typical pressure 
curves is shown in Fig. J. 

With proper maintenance of the depth 
and rate of artificial respiration, satisfactory 
pressor responses were obtained for periods 
averaging 5 to 7 hours. Over 120 pithed 
rats have been prepared by the method de- 
scribed and appro.ximately 90% of these have 
been satisfactory test animals. In the ma- 
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joriiy of instances technical errors or the use 
of rats which showed signs’ of illness were 
thought to be responsible for preparations 
which exhibited poor pressor responses or 
died prematurely. 

Summary. A simple method is described 
for setting up a sensitive' pithed rat prepara- 


tion suitable for assa3'ing small quantities of 
pressor substances. 

Grateful acknowledgment is made to ilr. C. 
Wilson wliose tecUuical experience in preparing 
•pithed cats has been a valuable aid in the present 
study. 
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Effect of Pentaquine in Patients with Hypertension.* 

Edward D. Freis and Robert W. Wilkins. 

Ffom file Evans Menutrial, Massachusetts Memorial Sospitals, and the Department of Medicine, 
Boston University School of Medicine. 


The recent observation that pentaquine 
[ 6-methoxy-,8- ( 5,-isopropy laminoamylamino) - 
quinoline], a new antimalarial agent, pro- 
duces postural hypotension in normal man*-^ 
raised the question of its usefulness in treat- 
ing hypertensive patients. The purpose of 
the present report is to summarize briefly 
the results of a clinical trial of this compound 
in a random group of 17 patients with long 
standing essential hypertension including 3 
in the malignant phase of the disease. 

Procedure and Results. Pentaquine was 
administered orally in amounts varying from 
120 to 240 mg of the base per day, given 
in equally divided doses every 4 hours. 
.•\rterial pressure was measured in the arm 
by the standard auscultatory method using a 
mercury manometer. 3Ieasurements were 
made with the patient resting comfortably in 
the supine position, and also, during and 
after 5 minutes (or less if syncope intervened) 
of motionless standing. Hean arterial pres- 
sure was calculated as one-half the sum of 


* Tills iuvestigation was supported in part by 
the Squibb Institute for Medical Besearcb, New 
Brunsivick, N.J. The pentaquine used was supplied 
by James A. Shannon, IiI.D., of the Squibb Insti- 
tute. 

1 Loeb, E. P., J. A. M. A., 1916, 133, 321. 

I Craige, B., Jr., Jones, B., Eichelberger, L., 
Alving, A., Pullman, B. N., and Whorton, C. M., 
to be published. 


the systolic and diastolic blood pressure. The 
pulse rate was palpated at the wrist or 
auscultated at the cardiac ape.x. Patients 
were hospitalized for at least 3 days prior 
to treatment, and were maintained on es- 
sentially the same regimen before, during and 
after the period of drug therapy. 

In the majority of cases (Table I), after 
2 to 7 days of treatment at dosages of 120 
to 240 mg per day, a reduction of systolic 
and diastolic blood pressure occurred, vary- 
ing from 10 to 40^ of the mean arterial 
blood pressure. .\t the same time there was 
usually a further fall in blood pressure in 
the erect position associated with narrowing 
of pulse pressure. The pulse rate remained 
unchanged, or actually' decreased in the 
supine position, and in the majority of pa- 
tients failed to rise abnormally in the upright 
position even during marked hypotension. 

The development of postural hypotension 
was not observed in all cases. Four patients 
exhibited a definite fall in resting blood pres- 
sure without the development of a further 
hypotension when erect. Others maintained 
a lower resting blood pressure for several 
weeks after the disappearance of the postural 
effect. However, one patient exhibited a re- 
duction of blood pressure only in the upright 
position. In a few patients the depression 
of arterial pressure first appeared several 
days after the medication had been discon- 
tinued because of to.xic reactions. 
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TABLE I, 
Summary of Cases. 


Se.\- 

Age 

Blood pressure 
prior to 
treatment 

Dosage 

peutaquine, 

mg/day 

Supine blood 
pressure at 
time of max. 
fall 

Days to return Postural 
to pretreatment hypo- 
blood pressure tension 

Toxic 

eft'cets 

P. 

50 

220/120 

120-2 days 
180-3 ” 

150/90 

12+ ++ + 

-/ + -/+ 

M. 

41 

210/130 

180-2 " 
240-1 ” 

180/118 

2 -f 

-f++ 

E. 

36 

240/140 

120-3 ” 

Discontinued 

Severe vomiting and pain 


F. 

48 

180/110 

120-3 ” 

180-4 

140/90 

3+ + 

i~‘r 

M. 

46 

200/100 

180-2 »’ 
240-2 " 

No response 


■ ++ 

F. 

46 

230/130 

120-2 ” 
180-3 ” 

125/88 

6 -j — !--{- + 

+++ 

F. 

41 

230/130 

120-3 

180-3 ■” 

150/100 

20 + + 

-h'h 

F. 

41 

220/120 

120-14 ” 

No response 

Aaraimiocvtosis 

P. 

46 

170/110 

120-2 

140/90 

20+ ++ 

-r 

il. 

34 

170/120 

120-2 ” 
180-4 ” 

240-4 ” 

135/110 

7 -f- 0 

++ 

F. 

46 

220/140 

120-4 •’ 

60-6 ” 

180/120 

4 0 


F. 

49 

240/150 

120-3 ” 

180-4 " 

120-3 ” 

90-7 ’ ’ 

240/130 

Postural hypotension 5 days 

t 

-p 

51. 

51 

200/130 

170/90 

SO-f 0 

+ 

R 

49 

260/135 

120-2 ” 
180-4 ” 

60-11 ” 

190/100 

15 0 


51. 

47 

250/170 

120-3 ” 

140/70 

Terminal uremia 


F. 

34 

240/140 

90-11 ” 

120-6 >’ 

140/90 

20 + + + 

++ 

51. 

45 

230/160 

120-2 ” 

160/100 

12 + + + 

+++ 


Tile last 3 patients were in tlie malignant piias- of essential hypertension. 



Pig. 1. 

Tvpieal response to pentar|uine. The vertical 
broken lines represent arterial pressure readings 
after 2 minutes in the upright position. 

The effective dose varied markedly, one 
patient requiring 120 mg per day given for 


2 days, while several failed to respond to 
doses as high as 240 mg given for 5 days. 
Fig. I illustrates the typical response of a 
patient with essential hypertension. 

The lowering of blood pressure was often 
preceded and accompanied by abdominal 
pain and tenderness, back and chest pain, 
frequently girdle in character, facial pallor, 
anore.xia, nausea and vomiting, constipation 
or diarrhea, loss of weight in a few patients, 
and rarely by fever. Nausea and vomiting 
and/or abdominal pain were occasionally suf- 
ficiently severe to necessitate discontinuation 
of treatment. Impotence was noted in 2 
male patients. Methemoglobinemia and 
moderate hemolytic anemia occurred in earlier 
cases but were later successfully controlled 
by the simultaneous administration of 1 grain 
of methylene blue with each dose of penta- 
quine. Cyanosis without signs of cardiac 
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failure or significant methemoglobinemia ap- 
peared in a few patients. 

In addition to these toxic effects, agran- 
ulocytosis developed in one patient after 2 
weeks of continuous therapy, and prolonged 
menses appeared in another, accompanied by 
evidence of increased capillary fragility. Both 
patients recovered uneventfully following ces- 
sation of therapy and treatment with peni- 
cillin in the case of agranulocytosis. There 
were no other severe reactions in the group. 

Following cessation of full doses of the 
drug the blood pressure gradually returned 
to its previous level over a period of several 
days to several weeks. In most cases the 
hypotensive effect was not prolonged by the 
administration of 50 to 60 mg of pentaquine 
per day. The depression of blood pressure 
and postural hypotension recurred, however, 
when the drug was again administered in 
full doses. 

The patients with a malignant phase of 
essential hypertension as manifested by neu- 
roretinitis, impairment of renal function, high 
diastolic blood pressure, weight loss and oth- 
er signs of rapidly progressing disease, re- 
sponded to pentaquine similarly as patients 
with uncomplicated essential hypertension, 
except that they uniformly required lower 
dosage (120 mg per day). Coincident with 
the fall in blood pressure there was considera- 
ble regression of the pathological changes in 
the fundi, relief of headaches and cessation 
of gross hematuria, but apparently no im- 
provement in renal function as measured by 
clinical and clearance tests. 

Hemodynamic studies using Hamilton 
manometers for recording arterial pressure 
and the balHstocardiograph for measuring 
cardiac output, before and after the hypo- 
tensive effect had been achieved, indicated 
that pentaquine caused a reduction of sympa- 
thetic vasopressor reflexes similar to that oc- 
curring after surgical sympathectomy." This 
lack of responsiveness was most apparent in 
those cases which exhibited marked postural 
hypotension. Measurements of the skin tem- 
perature in the extremities under control con- 

- 'Wilkins, B. W., and Culbertson, J. W., unpub- 
lished data. 


ditions also indicated a depression of sympa- 
thetic activity.® Pressor responses to epine- 
phrine and ephedrine were unimpaired, but 
epinephrine did not prevent collapse in the 
erect position. Marked postural hypotension 
and collapse were prevented, however, by the 
use of a tight abdominal belt similar to that 
w'orn folloiving lumbodorsal splanchnicecto- 
my. There were no consistent changes in 
either the electrocardiogram or in the cardiac 
output. 

Discussion. The most interesting effect ob- 
tained with pentaquine in hypertensive pa- 
tients resembled that found in certain nor- 
mal subjects,* namely the appearance of 
postural hypotension. In addition, hyper- 
tensive patients often e.xhibited a reduction 
in resting blood pressure. The frequent oc- 
currence of toxic symptoms at first suggested 
that the hypotensive effect was merely a re- 
flection of toxic debility. However, there 
w’as no uniform relation between the appear- 
ance of other to.xic symptoms and of the hy- 
potensive effect. Furthermore, the hypoten- 
sion was frequently maintained for several 
weeks after the disappearance of all other 
toxic symptoms, and in such instances was 
associated with considerable subjective im- 
provement. These results indicate that while 
the drug is too toxic in the dosage necessary 
to produce a fall in blood pressure, its toxic 
and hj'potensive qualities may not be in- 
separable. 

The preliminary studies suggested that the 
mode of action of pentaquine upon the 
vasomotor system is to depress sympathetic 
nervous reflexes. Its activity differ^ from 
that of certain other sympatholytic agents 
such as the tetraethylammonium salts in that 
the depression of blood pressure was more 
prolonged and was not accompanied by a 
marked quickening of pulse rate. This main- 
tenance of a normal heart rate indicates that 
its depressor effects include the cardiac ac- 
celerator mechanisms. That pentaquine did 
not block the reactivity of the vascular sys- 
tem to pressor agents was shown by the con- 
tinued effectiveness of epinephrine and ephe- 

sjlixter, G., Jr., and Freis, E. D., ttnpnblishea 
data. 
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drine. It is of interest that Moe and Seevers® 
reported central impairment of sympathetic 
reflexes in dogs treated with plasmochin, a 
closely related 8-aminoquinoline. 

Summary. I. The administration of penta- 
quine in high dosage to patients with essential 
hypertension frequently produced a signifi- 
cant reduction in resting arterial blood pres- 
sure, usually accompanied by the develop- 
ment of postural hypotension. This depres- 
sor effect occurred abruptly after several 
days of therapy and receded gradually over 

0 Moe, G. K., and Seevers, M. H., Fed. Proc., 
1946, 5, 193. 


a period of several days to several weeks fol- 
lowing cessation of therapy. 

2. Patients vrith malignant hypertension 
e-xhibited a similar response, but did not re- 
quire as high dosage. With the fall in blood 
pressure there was some regression cf neu- 
roretinitis, headache and gross hematuria: 
but no significant improvement in renal 
function. 

3. Pentaquine appeared to exert its effects 
primarily through a sympatholytic action. 

4. Toxic reactions to the drug were too 
frequent and severe to consider its use 
practicable in the treatment of essential hy- 
pertension. 
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Hemagglutination with Newcastle Disease Virus (NDV). 

Alfred L. Florman.* (Introduced by F. L. Horsfall, Jr.) 
From the Hospital of The Sockefeller Institute for Medical Besecrch. 


Newcastle disease of fowl, an acute infec- 
tion associated with severe intestinal, respira- 
tory and nervous symptoms, was first recog- 
nized as a distinct entity by Kraneveld* in 
the Dutch East Indies and by Doyle- in 
Newcastle, England. Doyle gave the disease 
its present name and demonstrated that the 
causative agent is filterable. 

Recently there has been increased interest 
in the virus which causes Newcastle disease, 
especially because of its capacity to cause 
hemagglutination.® In addition, although the 
western hemisphere was thought to be free 
of the disease, Beach* showed that there is 
an immunological similarity between classical 
Newcastle disease virus (NDV) and the virus 
of avian pneumoencephaJitis, a disease which 

* Aided by a grant from the Welt Fund of Mt. 
Sinai Hospitat, New York. 

1 Kraneveld, F. C., Nederl. Indisch. Blad, Bier- 
geneesTc, 1926, 38, 448. 

2 Doyle, T. M., J. Comp. Path, and Therap., 1927, 
40, 144. 

3 Burnet, F. M., Austral. J. Fxp. Biol, and Med. 
Set., 1942, 20; 81. 

■4 Beach, J. E., Science, 1944, 100, 361. 


is of frequent occurrence in this country. The 
potential human pathogenicity of the virus 
for man was indicated in 1943 with the re- 
port of an accidental laboratory infection.® 
This resulted in a brief, mild illness associ- 
ated with conjunctivitis and general symp- 
toms. In 1946 2 similar laboratory infec- 
tions® and a small epidemic of conjunctivitis 
among women who had been exposed to in- 
fected fowls were reported.’' 

Burnet® has raised the possibility of “an 
affinity between NDV and the influenza virus 
group” chiefly on the basis of hemagglutinat- 
ing capacity, infectivity for the chick em- 
bryo and apparent particle size. However, 
no immunological relationship could be dem- 
onstrated, and recently Bang® and others® 
have shown by electron microscopy that NDV 

3 Burnet, P. M., Med. J. AustraL^lsisi^SlS. 

« Anderson, S. G., Med, J. Austral., 1946, 1, 371. 
r Yatom, J., J. A. M. A., 1946, 13S, 169. 
s Bang, P. B., Proc. Soc. Exp. Biol, and Med., 
1946, 63, 5. 

sCunha, E., Weil, M. L., Beard, D., Taylor, 
A. B., Sharp, D. G., and Beard, J. W., J. Immunol, 
19i7, 55, 69. 
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TABLE I. 

Successive Titrations of Newcastle Disease Virus at Boom Temperature.* 


No. of days 
chiekeii red cells 
were stored! 





Dilution 

of 

virusj 





End 

point 

' 4 

S 

16 

32 

64 

128 

256 

512 

1024 

2048 

4096 

8192 

1 

1 

2 

2 

O 

o 

2 

o 

2 

2 

0 

0 

0 

1024 

2 

1 

o 

2 

3 

3 

3 

3 

3 

3 

2 

-H 

0 

2048 

3 

1 

1 

o 

1 

1 

2 

3 

2 


o 

i 

0 

2048 

4 


1 

2 

3 

3 

3 

3 

3 

3 

2 

1 

0 

2048 


* Eooni temperature = 22°C to 27°C. 

t Bed cells obtained from one chicken, and stored at 4°C, concentration = 0.75%. 
t Keciprocal of final dilution of pool 3. 

Eesults were read at 30 minutes. 


TABLE II. 

Successive Titrations of Newcastle Disease Virus at ^“C. 


No. of days 
cliicken red cells 
were stored* 





Dilution of 

virust 





End 

point 

4 

8 

16 

32 

64 

128 

256 

512 

1024 

2048 

4096 

1 

4 

4 

4 

4 

4 

4 

3 

O 

1 

-+- 

0 

512 

2 

4 

4 

4 

4 

4 

4 

4 

4 

O 

1 

0 

1024 

3 

4 

4 

4 

4 

4 

4 

3 

2 

1 

0 

0 

512 

4 

4 

4 

4 

4 

4 

4 

4 

3 

2 


0 

1024 


* Bed cells, identical to Table I. 
t Beciprocal of final dilution of pool 3. 
Eesults were read at 60 minutes. 

is strikingly different from the influenza 
viruses. 

In a study of the phenomenon of hemag- 
glutination, NDV was investigated. It was 
found that the methods which have been de- 
veloped for influenza viruses were not sat- 
isfactory with NDV. When hemagglutina- 
tion titrations were carried out at room tem- 
perature, there was much less marked ag- 
glutination with low virus dilutions than with 
higher ones. Even with more dilute chicken 
red cell suspensions and a shorter reaction 
time as recommended by Brandly et 
this disturbing effect persisted and the re- 
actions were difficult to read and to repro- 
duce. It is the purpose of this communica- 
tion to show how this effect can be circum- 
vented by carrying out hemagglutination re- 
actions w’ith NDV in the cold and to offer 
an e.xplanation for this peculiar property of 
the virus. In addition, some of the quantita- 
tive aspects of hemagglutination by NDV 
will be presented. 

Virus. strain of Newcastle disease virus 
(NDV) was obtained from Dr. G. K. Hirst 

10 Brandly, C. A., Moses, H. E., Jungherr, E. L., 
and Jones, E. E., Am. J. Vet. Research, 1946, 
7, 2S9. 


who had received it from Dr. F. R. Beaudette. 
Further passages were carried out by inoc- 
ulation into the allantoic fluid of 9-12-day- 
old chick embryos. After appro.'dmately 48 
hours incubation at 37 °C, the eggs were re- 
frigerated at 4°C for 3-18 hours, after which 
the allantoic fluid was collected. Infected 
fluid was stored either at -70°C or at 4“C. 

Sera. An authentic antiNDV serum was 
obtained from the Bureau of Animal Indus- 
try, U. S. Department of Agriculture, Wash- 
ington, D. C. Specific antisera were prepared 
in rabbits by slowly injecting into the ear 
vein 10 cc of allantoic fluid containing the 
virus. .A second intravenous injection, identi- 
cal to the first, was given after 6 weeks and 
serum was obtained 2 weeks later. 

Saline. An 0.85% solution of sodium 
chloride containing O.OllM phosphate buffer 
at pH 7.2 was used throughout. 

Chicken red cells. Blood was obtained 
from the wing vein of individual chickens in 
an e.xcess of 2% sodium citrate. The cells 
were washed twice in the usual manner, and 
suspensions of desired concentration were 
prepared in saline from cells which had been 
packed by 10 minutes centrifugation at 1500 
r.p.m. 
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TABLE HI. 


EftPft of Tempcraturo ou Titrations with Xo'ycastle Disoaae and Iiiflucuza Tirusos. 


Teiiip.,°C 

HBC 

1.3% 

Virus 




Dilution of serumt 




End 

point 

8 

10 

32 

04 

128 

250 

512 

1024 2048 

oo 

chicken 

KDY 

0 


1 

1 

2 

3 

3 

1 

0 

512 

4 

J f 

y y 

4 

4 

4 

3 

3 

2 

■4“ 

0 

0 

256 

22 

y 3 

PBS 

4 

4 

4 

4 

4 

4 

4 

2 

1 

1024 

4 

S f 

f i 

4 

4 

4 

4 

4 

4 

3 

3 

0 

1024 

OO 

y 3 

Lee j 

4 

4 

4 

4 

4 

4 

3 

1 

-4- 

512 

4 

y y 

} 1 

4 

4 

4 

4 

4 

4 

3 

•+• 

0 

512 

OO 

tmman 

RDV 

1 

2 

o 

3 

3 

3 

2 

0 

0 

512 

4 

yj 

1 J 

O 

1 


0 

0 

0 

0 

0 

0 

8 

99 

yt 

Fits 

4 

4 

3 

3 

3 

2 

2 

1 

0 

512 

4 

} > 

y f 

4 

4 

3 

3 

2 

2 

2 

0 

0 

512 

0 ^ 

}> 

Leo 

4 

4 

3 

3 

3 

3 

i 

0 

0 

256 

4 

} 1 

y ) 

4 

4 

3 

3 

2 

0 

0 

0 

0 

128 


** Rccipiocal of fioiil dilution. 
Results were read at 60 minutes. 


Test tubes. Pyrex tubes 75 by 10 mm 
were found to be satisfactory. 

Titration oj virus. As was stated above, 
when a titration of NDV is carried out by 
the hemagglutination technic at room tem- 
perature, an effect which simulates a sero- 
logical prozone appears. This is evident 
from the results shown in Table I. How- 
ever, if the reaction is carried out in cold 
(4°C), as originally suggested by Burnet,® 
this effect disappears and clear cut end-points 
are obtained, as can be seen from the results 
shown in Table 11. Therefore, the following 
titration technic was employed: Serial 2-fold 
dilutions of infected allantoic fluid are made 
in cold saline. To each 0.4 cc of dilution 
an equal volume of chilled l.S^o chicken red 
cell suspension is added. The tubes are 
shaken and immediately placed in the re- 
frigerator (4“C) for one hour. The patterns 
of sedimented cells are then noted while the 
tubes are still cold. Complete agglutination 
is considered to have occurred if a solid 
plaque of cells, which does not stream on 
tilting the tube, is seen. It is recorded as 4. 
Partial agglutination is represented by an 
even thin deposit of cells on the bowl of 
the tube, 3; a similar cell pattern with a 
small central mass of unagglutinated cells, 2 ; 
and by a larger central mass with only a few 
clumps of agglutinated cells along 'Is edge, 
1 The end-point is taken as the hignest 
dilution in which a 2 reaction occurs. _ 

When virus titrations are ‘^^rned out m 
the cold, the end-point obtained with NDV 


is usually lower by 2 to 4 times than when 
the test is performed at room temperature. 
(Compare the results in Tables I and II). 
However, the pattern of hemagglutination 
and titration end-points obtained in the cold 
is sufficiently reproducible to permit a rea- 
sonably accurate estimate of the dilution 
which corresponds to one agglutinating unit 
(i.e., the highest dilution giving a 2 reaction). 
This estimate is of importance in agglutina- 
tion-inhibition tests for antibodies against the 
virus. 

Care in the selection of a source of red 
cells for hemagglutination tests with NDV is 
important. Although human Group O ery- 
throcytes are agglutinated by NDV, they 
give much poorer reactions in the cold than 
at room temperature. Results similar to 
those shown in Table III were obtained with 
red cells from each of 3 persons; the end- 
points were appro.\’imately 64 times lower at 
4'’C than at 22-27°C. Erythrocytes from 
occasional individual chickens are also 
markedly insensitive to agglutination by the 
virus in the cold. By selection, however, 
chickens can be obtained, the red cells from 
which give end-points not more than 2 times 
lower at 4“C than at room temperature. 
Erythrocytes from such chickens are em- 
ployed as a routine. Chicken red cell sus- 
pensions are stored at 4°C and may be used 
for at least 4 days without appreciably chang- 
ing the results of titrations, as is shown in 
Table 11. 

The weak agglutination seen with low dilu- 
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Minutes 

PlO. 1. 

Adsorption of NDV and PBS by c-liicken red cells. Hemagglutination titers of supernatant 
at various intervals after mixing red cells and virus. 


tions of NDV at room temperature as com- 
pared to the complete agglutination observed 
at 4°C suggested that the difference might 
be dependent upon the rates of adsorption 
and elution of NDV from red cells at these 
temperatures. Experiments were carried out 
to determine this at 4°C and at room tem- 
perature. Equal volumes of 3% chicken 
red cell suspensions and NDV-infected al- 
lantoic fluid were mixed. At intervals 
aliquots were removed and immediately 
centrifuged. The supernates were tested for 
the presence of residual virus by the hemag- 
glutination method. For comparison a simi- 
lar experiment was performed with influenza 
.A virus at room temperature. The results 
of these experiments are presented graphical- 
ly in Fig. 1. Although no evidence was ob- 
tained that adsorption of NDV by red cells 
occurred at room temperature, it seems prob- 
able that it actually occurs but is masked 
because of very rapid elution of the virus 
from erythrocytes. Adsorption of NDV by 


red cells can be demonstrated when the mix- 
ture is held at 4°C and at that temperature 
elution of NDV from erythrocytes does not 
occur for at least 60 minutes. Hirst^^ has 
shown that temperature influences the rate 
of elution of influenza viruses from erythro- 
cytes in a similar manner. It appears proba- 
ble that the difference noted when NDV is 
titrated at room temperature and at 4°C is 
dependent on the elution of virus which oc- 
curs at room temperature^ with the result 
that agglutination is masked in lower dilu- 
tions of virus. However, Cunha and his as- 
sociates® have recently reported the presence 
in allantoic fluid of a substance which inter- 
feres with red cell agglutination by NDV. 

Hemagglutination caused by NDV may be 
simply and readily differentiated from that 
produced by influenza viruses on the basis 
of the weak agglutination which is obtained 
with both chicken and human red cells at 

11 Hirst, G. K., J. Exp. Heel., 19-12, 76, 195. 
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TABLE IV. 


Agglutiuatioji-inliibition Tests with XDV and Antiserum. 


Preliniiuaiy iiieubatioii 
of sofuni-virus mixtures* 

Rabbit serum 




Dilution of scrum t 



End 

point 

20 

40 

80 

160 

320 

640 

1280 

2360 

0120 

X$>«t 

Xormai 

3 

o 

3 

4 

4 

4- 

4 

4 

4 



Auti-KDV 


0 


0 

1 

4 

4 

4 

4 

1:480 

J !ir .-it 4°C 

Xoruial 

4 

4 

4 

4 

4 

4 

4 

4 

4 



Anti-NDV 

0 

0 

0 

0 

0 

O 

4 

4 

4 

1:040 

1 ” ” Z1°C 

Normal 

4 

4 

4 

4 

4 

4 

4 

4 

4 



Anti-NDV 

u 

0 

0 

0 

0 

0 

0 

4 

4 

1:1920 


Virus sufficient to yield 8 agglutinating units in the final mixture was employed, 
t Reciltrocal of final serum dilution. 

Results were read after 60 minutes at 4°C. 


room temperature with low dilutions of 
NDV, as well as by the relative failure of 
human red cells to show agglutination with 
NDV in the cold. These differences are clear- 
ly evident in the experiments summarized in 
Table III in which parallel titrations of NDV, 
PR8 and Lee viruses were made with the 
same suspensions of chicken and human red 
cells. .Allantoic fluid infected with NDV 
usually gives hemagglutination titers ranging 
from 1:320 to 1:512, whereas 50% infectivi- 
ty end-points as determined in chick embryos 
are of the order of 10-^®. This indicates a 
difference between hemagglutination and 
virus titers with NDV which is 10 to 100 
times greater than that usually obtained with 
influenza viruses.^-'^^ 

Titration of antibody. Because of the dis- 
tinct advantages of performing hemagglutina- 
tion tests with NDV in the cold, the usual 
method for measuring antibodies against the 
virus by means of agglutination-inhibition 
was modified as follows: The virus is titrated 
in the cold with the same chicken red cell 
suspension that is to be used in the agglutina- 
tion-inhibition test. The final dilution of 
allantoic fluid which is equivalent to 32 ag- 
glutinating units is determined, prepared, and 
its actual titer checked by a second hemag- 
glutination test. The sera to be tested are 

12 Taylor, A. E., Sharp, D. G., Beard, D., Beard, 
J. W., Dingle, X H., and Feller, A. E., J. Immtinol., 

1943, 47, 261. . ^ . 

13 Sharp, D. G., Taylor, A. E., McLean, I. W., Jr., 
Beard, D„ Beard, J. W., FeUer, A. E., and Dingle, 

.1 H., J. Immimol, 1944, 48, 129. 

'irpriedewald, W. F., and Pickels, B. G., J. Exp. 

Med., 1944, 79, 301. 


heated at 56 °C for 30 minutes and diluted 
in 2-fold series. To each tube containing 
0.2 cc of serum dilution, 0.2 cc of virus 
(diluted so as to equal 32 units) is added. 
The mixtures are shaken and incubated for 
60 minutes in a water bath at 37 °C. They 
are then cooled to 4°C and 0.4 cc of cold 
1.5% chicken red cell suspension is added 
to each tube. After 60 minutes at 4°C the 
tests are read and the lowest serum dilution 
showing 2 plus, or greater, agglutination is 
taken as the end-point. 

The results of parallel agglutination-inhibi- 
tion tests with antiNDV serum are presented 
in Table IV. The conditions of preliminary 
incubation of the serum-virus mixtures w«e 
varied as indicated and the advantage of in- 
cubation at 37°C for one hour before the ad- 
dition of red cells is clearly demonstrated. 
This modification was originally suggested by 
Burnet.'* 

To determine the reproducibility of serum 
dilution end-points {Le. antibody titers) ob- 
tained by means of the agglutination-inhibi- 
tion method described above, the following 
e.xperiment was performed: Sera from each 
of 4 rabbits which had been immunized 
against NDV were tested separately against 

3 different amounts of virus (i.e., 32, 16 and 
8 units, respectively). The results are shorra 
graphically in Fig. 2. The end-points o - 
tained were closely similar with each of the 

4 immune sera and a constant amount o 
virus. Moreover, as the quantity of virus used 
was increased, the serum dilution end-point 
decreased proportionately. These results im 
dicate that the reaction between NDV and 
specific antibody in vitro shows a quantita- 
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Fig. 2. 

Distribution of serum dilution end points in agglutination-inhibition tests with varying 
amounts of NDV. Antisera from 4 rabbits immunized against NDV. Dotted lines rejiresent 
the limits of tirofold deviations (a single tube) from the solid line. 


live relationship analogous to that previous- 
ly demonstrated with certain other viruses 
[i.e., influenza and pneumonia virus of mice 
(PVM)] as well as with classical antigen- 
antibody reactions. 

Summary. Hemagglutination by New- 
castle disease virus (NDV) is markedly af- 
fected by temperature. At room tempera- 
ture the reaction is difficult to read, especial- 


ly with low dilutions of virus. .\t 4°C the 
reaction is easily read and titration end- 
points are readily determined. 

.At 4°C NDV appears to be adsorbed more 
completely by and to elute less rapidly from 
chicken red cells than at room temperature. 

Details of satisfactory methods for titra- 
tion of virus and antibodies against it are 
presented. Both tests are carried out at 4°C. 
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Effect of Ergotamine Tartrate on Potassium Changes in Histamine Shock * 

Caroline xuj.t suden. (Introduced by H. 0. Haterius.) 

From the Department of Dhysiology, Boston University School of Medicine. 


Serum potassium changes in histamine 
shock were investigated in rats treated with 
ergotamine tartrate (ET-rat) and compared 
with the previous findings on intact rats and 
rats with autoplastic grafts of adreno-cortical 
tissue (ACT-rat)^ as an approach to the 
question of the relative importance of medul- 
lary and adrenocortical factors concerned 
with the release of potassium in histamine 
shock. 

Methods. Serum potassium was deter- 
mined for adult male rats (Long-Evans 
strain) at 30 and 60 minutes following in- 
traperitoneal injections of histamine phos- 
phatef (10 mg/100 g body weight). Par- 
enteral administration of ergotamine tartratet 
(0.5 mg/100 g body weight) was given one- 
half hour prior to the injections of histamine. 
The dosage of ergotamine used was sufficient 
to depress adrenergic activity, as determined 
by epinephrine reversal, for the strain used. 
Details of operative procedure and chemical 
methods of analysis were identical with those 
previously described.^ 

Results. Experiments to date have led 
to the following observations on the rat 
treated with ergotamine; 

1. Some reduction of the normal fluctuation 
of serum potassium was indicated by the de- 
crease in the standard deviation. 

0 c-.iscs, average 21.3±0.S mg/lOO nil 
ef. controls 21.3±1.3 mg/100 ml 

2. No significant effect upon the rising 
trend of serum potassium during develop- 
ment of histamine shock (30-minute values) 
was obtained. 

* This investigation has been made with the 
assistance of a grant from the Committee on Thera- 
peutic Eesearch, CouncU on Pharmacy and Chem- 
istry, American Medical Association. 

1 tum-Snden, 0., Wyman, U C., and Derow, M. A., 
Am. J. Physiol., 19i5, 144, 102. 

i Burroughs Wellcome and Company. 

t Gynergen, kindly supplied by Sandoz Chemical 

Works, Inc. 


5 eases, average 24.0 j;1.9 mg/lQO ml 
cf. controls, 24.5d!:1.7 mg/100 ml 

• 3. A possible accentuation in fall of serum 
potassium occurred during subsidence of his- 
tamine shock (60-minute values). 

5 cases, average 19.8±2.5 mg/lQO ml 
cf. controls 22.8±3.5 mg/100 ml 

4. A possible exacerbation of the rise in 
serum potassium ensued upon repeated or 
extensive bleeding (see 6, below). 

3 cases, average 27.9d:0,2G mg/lOO ml 
cf. controls 23.8^; 1.4 nig/100 ml 
The determinations were made on a sec- 
ond blood specimen of 4 ml taken immedi- 
ately after the first 4 ml bleeding. 

5. An elevation of serum potassium fol- 
lowed upon higher dosages of histamine. Af- 
ter 20 and 40 mg histamine in single paired 
e.xperiments the values obtained 60 minutes 
later were respectively; 

20.8 mg/100 ml and 30.0 mg/100 ml for the 
ET-rats; 

cf. 24.4 mg/lOO ml and 24.0 mg/lOO ml for 
controls. 

6. No marked influence on gross symptoms 
was found. Atonia appeared slightly aggra- 
vated; under anesthesia respiratory failure 
upon bleeding was more easily induced than 
in the controls. The higher values for serum 
potassium as found in (4) and (5) above 
correlated with this observation. Toxic re- 
actions from ergotamine alone were not es- 
pecially apparent in the rat and were in no 
way as severe as reported for the dog (2). 

Some observations were made on rats bear- 
ing grafts of adrenocortical tissue and similar- 
ly treated with ergotamine. Blood samples 
were analyzed for potassium at 30 minutes 
(3 cases) and at 60 minutes (4 cases) fol- 
lowing the injection of histamine (10 mg/ 
100 g). The potassium averages for the 2 
groups were comparable to those obtained in 
histamine-shocked rats with only regenerat- 
ed cortex: e.g. 
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35.53:0.5 ing/lOO ml at 30 min., ergotamine; 

3i.2i:5.S ” >)))>) >> j no ergotamine; 

41.0±:2.4: ” ” ” GO ”, ergotamine; 

3S.5i:6.5 ” >•>>>> >> , no ergotamine; 

The ergotamine-treated preparations dif- 
fered from the nontreated in showing less 
variabilitv in potassium levels. Survival, as 
judged both by time and number, seemed 
slightly better than expected for this class 
of animal receiving a dosage of histamine 
(10 mg) which previously was fatal to 60% 
of the nontreated within one hour. 

Discussion. The data obtained indicated 
that fluctuations in serum K tended to be 
suppressed by ergotamine tartrate. In the 
dosage used the difference from the untreat- 
ed controls was not significant. However, 
if maximum amounts of ergotamine had been 
employed a slight lowering of the potassium 
levels might have been established as found 
by Houssay for the dog.- 

Symptomatically, the course of histamine 
shock following upon the administration of 

2 Houssay, B. X., .and Gerscbraann, R., Sev. Soc. 
Argent. He Biol., 1939, lo, 327. 


10 mg intraperitoneally appeared unchanged 
both in the intact rat and the rat bearing 
adrenocortical grafts. There was no evidence 
of a potentiation or synergism between 
cortical hormones and epinephrine as might 
be surmised from the' findings of Vogt that 
the latter prolongs cortin secretion.^ The 
lack of such interaction therefore cannot ac- 
count to any extent for the high suscepti- 
bility in rats possessing only adrenocortical 
tissue. The e.xperiments serve to emphasize 
the inefficiency of regenerated cortical sub- 
stance, the relation of the rise in extracellular 
potassium to level of cortical activity and the 
minor influence of the sympathico-adrenal 
mechanisms upon potassium release in hista- 
mine shock. 

Summary. Ergotamine tartrate in the 
dosage used did not significantly modify se- 
rum potassium changes characteristic of his- 
tamine shock in the rat. It did not influ- 
ence histamine tolerance in either the nor- 
mal or the demedullated animal. 


3 Vogt, M. J., J. Physiol, 1945, lOS, 319. 
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Effect of Sex Hormones on Pituitary Lactogen and Crop Glands of 

Common Pigeons.* 

Joseph IMeites and C. W. Turner. 

From the Department of Dairy SusianHry, University of Missouri, Colamiia, Mo. 


Estrogens, testosterone propionate and 
progesterone can exert a dynamic stimulus to 
the secretion of lactogenic hormone by the 
anterior pituitary. This is particularly true 
of the estrogens which have been shown to 
increase the pituitarj- lactogen content of 

* Contribution from tbe Department of Dairy 
Husbandry, Missouri Agricultural Experiment 
Station, Journal Series No. 1040. 

1 Reece, R. P., and Turner, C. W., Mo. Agr. Exp. 
Sta. Bes. Bull. No. 266, 1937. 

2 Lewis, A. A., and Turner, C. W., Peoc. Soc. 
Exp. Bion. and Med., 1941, -48, 439. 

sMeites, J., Trentin, J. J., and Turner, C. W., 
Endocrinology, 1942, 31, 607. 


rats,^'^ guinea pigs^'* and rabbits® from 200 
to 500%. A 40% increase has been obtained 
with testosterone propionate in rats.® Proges- 
terone apparently has no effect on the lacto- 
gen content of the .A.P. w'hen administered 
in small or moderate dosages, but amounts 
well above the physiological level in rats 
(15.0 mg per day for 10 days) have increased 
it about 74% on a body weight basis.' Selye 

■•Meites, J., and Turner, C. \f., Endocrinology, 
1942, 30, 711. 

3 Meites, J., and Turner, C. IV., Peoc. Soc. Exp. 
Biol, and Med., 1942, 49, 190. 

0 Reece, R. P., and Mixuer, J. P., Peoc. Soc. 
Exp. Biol, and Med., 1939, 40, 66. 
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has shown that many steroid hormones can 
exhibit common “foliiculoid'” properties when 
administered in sufficient dosages,® and this 
may well account for the action of proges- 
terone on hypophyseal lactogen. From a 
cytological point of view it is interesting to 
note that estrogens and testosterone propion- 
ate have been shown to increase the number 
and secretory activity of the eosinophilic cells 
of the anterior pituitary,®-^® which are agreed 
to be the source of lactogenic hormone in both 
mammals'*'^® and pigeons.^® The ability of 
sex hormones, particularly estrogens, to in- 
crease lactogen in the anterior pituitary is 
also reflected in the greater quantities of 
lactogenic hormone found in the blood of 
rabbits after estrone administration® and in 
■the initiation of milk secretion in a number 
of mammals following estrogen administra- 
tion.^-^® The authors have advanced the 
theory that estrogen is the factor normally 
responsible for stimulating the secretion of 
pituitary lactogen and initiating milk secre- 
tion at the time of parturition.'* 

Crop secretion in pigeons is analagous to 
milk secretion in mammals and both processes 
furnish the means for supplying nutrition to 
the young during the critical period after 
birth. Would the sex hormones, therefore, 
stimulate pituitary lactogenic secretion in 

r Beece, H- P., and Biving, J. A., Pnoc. Soc. Esp. 
Eion. AND Med., 1942, 49, 582. 

8 Caarke, E., and Selye, H., /. Pharm. and Exp. 
Therap., 1943, 78, 187. 

» Pnster, C. L., J. Endocrinology, 1943, 3, 79. 

10 Baker, B. L., and Everett, N. B., Endocrin- 
ology, 1944, 34, 254. 

11 Zeckwer, I. T., Science, 1944, 100, 123. 

13 Wolfe, J. M., Endocrinology, 1941, 29, 969. 

13 Wainman, P., Eeese, J. E., and KoneS, A. A., 

Endocrinology, 1943, 31, 303. 

M Azimov, G. I., and Altman, A. D., Comptes 
Eendus de I'Jead. des Sciences de I’VESS, 1938, 
20, 621. 

15 Friedman, M. H., and Hall, S., 35th Annual 
Meeting and Scientific Session, Assn, for Study of 
Int. Secretions, 1941, p. 10. 

18 Smelser, G. K., Endocrinology, 1944, 34, 39. 

11 Schooley, J. P., and Biddle, 0., Am. J. Anat., 
1938, 63, 313. 

iSFoUey, S. J., and Malpiesg, P. H., J. Endo- 
crinology, 1944, 4, 1. 


pigeons as in mammais? Furthermore, if 
these steroids could increase the lactogen con- 
tent of the pigeon pituitary, would it also be 
reflected in the initiation of crop gland secre- 
tion? 

Experimental. Groups of 16 to 20 mature 
pigeons of both sexes were injected subcutane- 
ously over the pectoral muscles daily for a 
10-day period. These birdls were kept to- 
gether in groups of 8 to 10 in a cage. All 
the sex hormones were dissolved in corn oil 
and injected in 0.1 cc volumes. On the day 
after the last injection the birds were killed, 
weighed, se.xed, and the pituitaries and crop 
glands were removed. The crop giands were 
washed clean, freed from adhering fat tissue, 
blotted dry between towel papers and weighed. 
They were then examined under light for 
evidence of visual proliferation. In the case 
of the diethylstilbestrol group and its con- 
trols, which constitute a preliminary e.xperi- 
ment performed in 1942, the crop glands 
were not weighed but only e.xamined for 
visual proliferation. 

The pituitaries of each group were macer- 
ated with a small mortar and pestle, suspend- 
ed in a definite volume of distilled water and 
injected intradermally over the crop glands of 
10 common pigeons in 0.1 cc volumes for 4 
days. The equivalent of 6 male or 4 female 
pigeon pituitaries was given to 10 birds, and 
each group of pigeon pituitaries was directly 
compared with another by injecting over both 
sides of the crop gland. The crop glands 
were rated for lactogenic response by the 
Reece-Turner method.* 

Restilts. It will be seen that in the pre- 
liminary e.xperiment performed in 1942, 
250 pg of diethylstilbestrol did not increase 
the lactogen content of the pituitary or initi- 
ate crop milk secretion in 13 female pigeons. 

In the 1946 series, total dosages of 1,000 I.U. 
estrone, 10 mg progesterone or 5 mg 
testosterone propionate! caused no significant 

t We are indebted to Dr. D. F. Green of Merck 
& Co., Bahway, N.J., for tbs diethyJstilbestrol; to 
Dr. D. W. MacCorquodale of The Abbott HeseareU 
Labs., North Chicago, 111., for the estrone; and to 
Dr. F. E. Houghton of Ciba Pharmaceutical 
Products, Ine., Summit, N.J., for the progesterone- 
and testosterone propionate used in this study. 
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change in the lactogen content of the pitui- 
tary, and there was no evidence of visual 
proliferation or weight increase in the crop 
glands. The differences in the pituitary 
lactogen content between the 1942 and 1946 
female control pigeons may be due to the 
fact that the former pigeon pituitaries were 
assayed in the early fall while the latter 
Avere assayed in mid-winter. As in a previ- 
ous report on the lactogen content in the 
pituitaries of common pigeons, it was found 
that the female pituitary contains considera- 
bly more lactogen than the male. None of 
the se.x hormones increased the pituitary 
Aveight of the pigeons. 

Discussion. There appears to be an in- 
verse relationship between the secretion of 
gonadal hormones and the formation of crop 
milk in pigeons. Thus, it has been demon- 
strated that (1) the testes and ovaries de- 
crease in size during incubation and brooding, 
Avhen crop secretion normally occurs,-®'-- and 
(2) the administration of lactogenic hormone 
markedly reduces the size of the pigeon 
gonads.®®--^ With the exception of one re- 
port in Avhich nonhormonal factors favorable 
to broodiness Avere introduced,®® the injection 
of se.x hormones has proven ineffective in 
stimulating crop secretion in pigeons.®®’®" The 
mechanism responsible for the secretion and 
release of lactogen from the pigeon hypo- 
physis may depend chiefly on psychic and 

Hurst, V., Meites, J., .And Turner, C. W., 
Proc. Soc. Exp. Biol, .vxd Med., 1943, 53, 89. 

2<| Chanipy, C., and Colle, P., C. S. Soc. Biol., 
1919, 82, 227. 

-1 Riddle, O., Smith, G. C., and Benedict, F. G., 
Jm. J. Physiol, 1933, 105, 482. 

-- Seliooloy, J. P., and Riddle, O., Anat. Bee. 
<Suppl.), 1936, 07, 51. 

-S Riddle, O., and Bates, R. AV., Endocrinology, 
1933, 17, 689. 

-■1 Bates, R. AV., Lalir, E. L., and Riddle, O., 
Am. J. Physiol, 1935, 111, 361. 

Riddle, O., and Ealir, E. X,., Endocrinology, 
1944, 35, 255. 

-r’ Patel, M. D., Physiol. Zool, 1936, 19, 129. 

27 Riddle, O., Bates, R. AV., MUler, R. A., Lahr, 
E. L., Smith, G. C., Dunham, H. H., and Opdyke, 
D. F., Carnegie Inst. Washington Year Booh Ko. 
39, 1940, p. 221. 
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environmental rather than hormonal stimuli.-® 
It seems clear from our study that the in- 
jection of se.\' hormones alone are ineffective 
in augmenting lactogen output by the pituitary 
or initiating crop milk secretion in pigeons. 

It appears remarkable that the pigeon 
pituitary should be refractory to the admin- 
istration of. sex hormones, particularly estro- 
gens which are such powerful activators of 
lactogenic hormone secretion in the pituitaries 
of mammals. Neither do estrogens increase 
the weight of the pigeon pituitary as in mam- 
mals. It would be of interest to determine 
what effect the sex hormones have on the 


cytology of the pigeon hypophysis. 

Summary. The effects of estrone, diethyl- 
stilbestrol, progesterone and testosterone- 
propionate were determined on the lactogen 
content and weight of the pituitary, and on 
the proliferation and weight of the crop 
glands of common pigeons of both sexes. 
The results were all negative. It is con- 
cluded that the pigeon pituitary, unlike the 
mammalian, is refractory to the administra- 
tion of sex hormones and is not stimulated by 
them to increase the secretion of lactogenic 
hormone. 
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Statistical Evaluation of Growth Curves. 

Carrol S. Weil. (Introduced by W. S. McEllroy.) 

From the JfuUiiilo FcUowshii) on Chemical Hygiene, Hellon Institute, Pittsburgh, Penn. 


A problem that frequently confronts re- 
search workers in the biological sciences is 
the comparison of growth curves of groups 
of e.xperimental animals subjected to different 
treatments. The customary practice has been 
that of visual estimation of significant dif- 
ferences from a plot of weight against time 
(Fig. I), or the application of the “t” test 
to the mean weights at a particular time. 
These conventional methods of evaluation 



often give an ambiguous or unconvincing an- 
alysis of the results. 

The purpose of this paper is to demon- 
strate how time-weight data (growth curves) 
have been treated more critically in a com- 
parative study of exposure of rats to vapors 
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of a series of 5 analogous halogenated hy- 
drocarbons. Each group consisted of about 
30 animals, with males and females in ap- 
proximately equal numbers; the sexes being 
kept separately. These groups were exposed 
on alternate days for 25 weeks, and each ani- 
mal was weighed weekly. A control group 
was exposed to air alone. Fig. 1 shows the 
combined growth curves of the male and fe- 
male rats as normally plotted, with time the 
abscissa and weight the ordinate. With the 
exception of Group 5, it is impossible to 
designate which group does or does not vary 
significantly from the control. The “t” test 
was applied to the weights of the 12th week 
of e.xposure as at this time the majority of 
the original animals were still alive. Again, 
with the exception of Group 3, nothing of 
significance was found. As a solution to the 
problem, the weight data were expressed in 
the form of frequency distributions and the 
weight curves were compared as one treats 
normal curves of other biological data. Each 
individual weekly weight of each rat alive 
at the time of weighing was considered a 
point in the distribution. Separate frequency 
distributions were prepared for the male and 
the female rats. These data were combined 
to show the overall effect of the materials. 
Fig. 2 illustrates the shape of these curves, 
where weight is the abscissa and the fre- 
quency of occurrence of each weight is the 
ordinate. 

With the data in the form of frequency 
distributions, statistical comparison of the 
curves is simple and straight-forward. The 
method of chi square reveals similar proba- 
bility levels of significance, as does the ratio 
of 3 times the standard error of the differ- 
ence, to the difference between the mean 
weights. In each case exposed rats were 
compared to controls. A summary of the 
chi square and “t” data is presented in Ta- 


ble I. The coefficient of skewness was cal- 
culated for the distributions of the control 
groups, and was found to be 0.48 for the 
combined male and female group, 0.19 for 
the male and 0.55 for the female controls. 
These values justify the use of normal statis- 
tics. 

Discussion. The use of chi square is more 
valid for the comparison of weight-response 
curves than is a test of differences between 
means. In the chi square test the frequency 
with which a given weight range occurs in 
the treated group is directly compared to the 
frequency with which the same weight range 
occurs in the control group and there is made 
no arbitrary selection of a particular period 
for weight evaluation as is done in the “t” 
test. It was necessary to combine some 
weight classes at the extremities of distribu- 
tions where the rats did not attain the spread 
in range of weights of the controls and where 
the theoretical frequencies of the classes were 
less than 5. 

The use of a frequency distribution, in 
which each individual weekly weight is a 
point, yields a sufficient amount of valid 
data to make a good comparison of the 
weights of comparatively small groups of ani- 
mals. In Table I the values for the groups 
of animals are listed in decreasing order of 
the mean weights. A remarkable relation- 
ship may be seen between the rank of the 
groups by this method of listing and by the 
magnitude of chi square and the 3ffd/d ratio. 

Summary. By the application of frequency 
distributions to growth data, familiar statis- 
tical comparisons may be applied to deter- 
mine whether significant differences e.xist. 
Previously no valid method was available to 
compare adequately growth curves in their 
entirety. The use of the chi square test on 
'the distributions Is deemed the method of 
preference for showing such differences. 
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Effect of Insulin Hypoglycemia and Glucose on Various Amino Acids in 

Blood of Mental Patients. 

IMeyer Harris and Ruth S. H.arris. 

From the Department of Internal jreiJiciiie, ^'eio Tortc State Psychiatric Institute and Hospital, 

Xeta Tort: City. 


In previous publications' we reported that 
the level in the blood of the total amino acids 
and also of glutamine is markedly depressed 
during the insulin hypoglycemic shock treat- 
ment of mental patients. It was also shown 
that the administration of glucose- produces 
a similar effect although it is not so marked 
as that produced during insulin hypoglycemic 
shock. 

As part of an investigation regarding the 
metabolism of various amino acids in mental 
patients, determinations were made of the ef- 
fect of insulin and of the administration of 
glucose on the level in the blood of the fol- 
lowing amino acids: arginine, histidine, 
leucine, lysine, phenylalanine, tryptophane 
and valine. 

It is known that the metabolism of some 
specific amino acids may be disturbed in cer- 
tain clinical conditions as for example, phenyl- 
alanine in oligophrenia phenylpyruvica.®-' 
Gjessing^ and others have reported on altera- 
tions in nitrogen metabolism in certain types 
of periodic psychotic episodes. In some 
pathological states certain amino acids may 
serve some special functions as for example, 
methionine in the protection of the liver 
against some poisons.®-' Furthermore it is 
known that some amino acids can be synthe- 

1 Harris, 5t. M., Blalock, J. B., and Horwitz, 
tv. -Y., Arch. Xcurol. and Psychiat., 1938, 40, 116. 

- Harris, M. II., Both, B. T., and Harris, B. S., 
J. Clin. Invest., 1943, 23, 569. 

3 Penrose, L. S., and Quastel, J. H., Bioch. J., 
1937, 31, 260. 

■* Jervis, G. A., Block, B. J., Bolling, D., and 
Kanz, E., J. Biol. Chem., 1940, 134, 105. 

3 Gjessing, B., .IrcJi. /. Psychiat. ii. Xervenkr., 
1935, 104, 355. 

B Miller, L. L., Boss, J. P., and IVkipple, G. H., 
Am. J. Med. Sc., 1940, 200, 739. 

I Miller, L. L., and Whipple, G. H., J. Exp. lied., 
1942, 70, 421. 


sized in the animal organism in amounts ade- 
quate for its needs while others are essential 
and must be supplied in the diet for normal 
nutrition.® 

No study regarding a group of individual 
amino acids has thus far been carried out 
in mental patients owing to the lack of ade- 
quate methods. The recent development of 
microbiological methods has made such study 
feasible. 

Procedure and Methods. A group of 15 
patients undergoing or about to undergo a 
course of insulin hypoglycemic shock treat- 
ment was used for this study. The patients 
were about 16 hours postabsorptive when the 
observations were begun. They were kept in 
bed during the entire period of study. 

-After a preliminary specimen of venous 
blood was taken, the patient was given either 
a dose of insulin subcutaneous!}- which pro- 
duced hypoglycemic coma, or 75 g of glucose 
in 200 'ml of tap water which was flavored 
with lemon juice. Nothing was administered 
to 4 patients who were used as controls. 

Blood was withdrawn from the anterior 
cubital vein in an oiled syringe and discharged 
into a flask containing heparin. The blood 
samples were taken to the laboratory imme- 
diately and centrifuged for 10 minutes and 
the plasma separated. The plasma was again 
centrifuged for 5 minutes to remove any 
stray red blood cells. The plasma proteins 
were then immediately precipitated with 
tungstic acid according to the method of Hier 
and Bergeim.® The precipitate was removed 
by centrifugation and filtration. The fil- 
trate was adjusted to pH 7 with IN NaOH us- 
ing the Beckman pH meter. 

ss.nhrun, M., Outline of the Amino Acids aitd 
Proteins, 1944, p, 223. 

9 Hier, S. W., and Bergeim, 0., J. Biol. Chem., 
1945, 161, 717. 
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Each determination was carried out in 
triplicate. Leuconostoc mesenteroides P-60 
and 'the improved medium D of Dunn et al.^^ 
were used for the determination of lysine and 
histidine. Tryptophane was determined ac- 
cording to Dunn et al}^ using Lactobacillus 
arabinosis. The medium of Hac, Snell and 
Williams*- and Lactobacillus casei were used 
for the determination of arginine. Leucine 
and valine were determined with the medium 
of Shankman*^ and Lactobacillus arabinosis. 
Phenylalanine was determined with the me- 
dium of Dunn et al.^* and Lactobacillus casei. 

One milliliter of basal medium was em- 
ployed in all the determinations e.xcept that 
of histidine. For the determination of lysine, 
valine and phenylalanine, 1 ml of blood fil- 
trate was used and for arginine, tryptophane, 
and leucine only O.S ml of filtrate plus 0.5 ml 
of water was employed. For the determina- 
tion of histidine it was found necessary to 
increase the volume of basal medium to 2.5 
ml to which was added 1 ml of filtrate and 
1.5 ml of water. 

A set of standards was run with each de- 
termination instead of depending upon stand- 
ard curves. This acted as a check as to any 
changes in the behavior of the microorganisms. 

Tryptophane and histidine were deter- 
mined turbidometrically with the Coleman 
spectrophotometer with the light band set at 
540. Electrometric titration, with the Beck- 
man pH meter, of the acid production was 
used for the determination of the other amino 
acids. 

The total amino acid nitrogen was deter- 
mined by the colorimetric method of Frame 
et 

10 Dunn, M. S., Shanknian, S., C.nniien, JI. N., 
Frankl, W., and Rockland, L. B., J. Biol. Clicm., 
1944, 156, 703. 

11 Dunn, JI. S., Schott, H. F., Frankl, JV., and 
Rockland, L. B., J. Biol. Clicm., 1945, 157, 387. 

12 Hac,- L. R., Snell, E. E., and Williams, R. J., 
J-. Biol. Chem., 1945, 159, 273. 

13 Shankman, S., J. Biol. Clicm., 1943, loO, 305. 

14 Dunn, JI. S., Shankman, S., and Camien, 
JI. N., J. Biol. Chem., 1945, 161, 043. 

13 Frame, E. G., Russell, .1. A., and JViilielmi, 
A. B., J. Biol. Chem., 1943, 149, 255. 

10 Russell, J. A., /. Biol. Chem., 1944, 156, 407. 


The blood sugar was determined by the 
colorimetric method of Somogyi.*^ 

The Coleman spectrophotometer was used 
for all colorimetric determinations. 

Observations. Table I shows the effect of 
insulin hypoglycemia on ithe level of the to- 
tal amino acid nitrogen and of various amino 
acids in the blood plasma. It will be noted 
that the total amino acids and all of the in- 
dividual amino acids studied thus far, were 
significantly depressed during insulin hypo- 
glycemic coma. However, the various amino 
acids were not depressed to the same degree. 
This is indicated by the marked variations in 
the percentage drop from the initial levels 
of the various amino acids in the same pa- 
tient (Table I). Thus for example, in pa- 
tient (J.B., No. 1) lysine is depressed 70% 
whereas the level of the total 'amino acids is 
depressed only 33%. It will also be seen 
that the levels of leucine and lysine are the 
2 amino acids most markedly depressed dur- 
ing insulin hypoglycemic coma. The drop in 
the levels of leucine ranged from 63 to 81% 
of the initial level, and that of lysine ranged 
from 47 to 77%. With a few exceptions, 
the percentage drop in the level of fhe in- 
dividual amino acids was equal or greater 
than the drop in the level of the total amino 
acids (Table I). 

The initial level of the amino acids ap- 
peared to bear no relationship to the dose 
of insulin required to produce hjqioglycemic 
coma, and the extent of the drop of the level 
of the amino acids was not directly related 
to the size of ithe dose of insulin which was 
administered. 

Table II shows the effect of the adminis- 
tration of 75 g of glucose, orally, on the blood 
sugar level and the corresponding changes in 
the level of the total amino acids and of some 
of the individual amino acids in the blood 
plasma. The greatest drop in the level of 
the amino acids occurred in the first hour 
after the administration of glucose, at which 
time the level of the blood sugar was the 
highest. There was, with an occasional ex- 
ception. a further drop at the end of 2 hours 
at which time the blood sugar level was either 

IT Somogyi, JI., X Biol. Chco^T^B^^^^^OO. 
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lower or higher than the initial postabsorp- 
tive level. After 3}4 hours the blood sugar 
fell below the initial level while the amino 
acids all remained significantly depressed be- 
low the initial level and tended' to show either 
a slight rise or fall from the level reached at 
the 2-hour period. 

The findings in 4 control patients who did 
not receive insulin are shown at the bottom of 
Table I. After 3J4 hours the levels of the 
amino acids in the blood of these patients 
either remained practically unaltered or tend- 
ed to rise or fall by a few per cent from the 
initial postabsorptive level. The findings 
were in marked' contrast to those observed 
after the administration of insulin or glucose. 
The controls also might be considered an 
added check on the methods used in this 
study. 

Discussion. Our report in a previous pub- 
lication- that there was a marked depression 
in the level of glutamine and total amino 
acids in the blood plasma of patients receiv- 
ing insulin hypoglycemic shock treatment, 
was confirmed by Hamilton^® in experiments 
on dogs. Since he found that the percentage 
drop of glutamine and of the total amino 
acids was the same he interpreted these find- 
ings as indicating that the drop in the level 
of glutamine was due merely to a diffusion 
of the amino acids from the blood into the 
tissues. We have suggested*® that other in- 
terpretations of the data were possible and 
have discussed the possibilities in a previous 
publication.® 

The findings in this study indicate that 
various amino acids in the blood differ in 
the extent to which they are affected during 
insulin hypoglycemic coma. Such differences 
are also found following the oral administra- 
tion of glucose. It is apparent that some 
pronounced alterations in nitrogen metab- 
olism, other than the uniform diffusion of 
amino acids from the blood into tissues, must 
occur which would account for the results ob- 
tained. 

IS Hamilton, p7b,, J. Biol Chan., 1945, 158, 

397. 

l!> Harris, M. M., Both, E. T., and H.-irris, B. S., 

J. Xrrv. and Jtent. Bis., 1945, 402, 490. 



Insulin, Glucose and Blood Amino Acids 


475 


Bouckaert and. his coworkers-® and hlir- 
sky^^ were of the opinion, from their studies 
on nephrectomized, hepatectomized, and evis- 
cerated animals, that insulin inhibits deamina- 
tion by the liver and also affects the synthesis 
and hydrolysis of proteins in the various tis- 
sues of the body. Since the injection of in- 
sulin into eviscerated animals resulted in the 
disappearance of endogenous amino acids 
from the blood stream, hlirsky-^^ favored the 
view that this was due to an increase in. 
synthesis rather than a decrease in hydrolysis 
of proteins in the peripheral tissues. Frame 
and Russell-- have recently carried out simi- 
lar studies on eviscerated rats and confirmed 
the findings. They p>oint out that it is not 
known at present whether insulin promotes 
synthesis of tissue proteins from blood amino 
acids or inhibits its breakdown. 

From the standpoint of the possible mecha- 
nisms involved it is of interest to analyze 
the changes observed in the level of the 
various amino acids in the blood as a result of 
insulin and glucose administration. It will be 
observed that, with the exception of arginine, 
and histidine, the. amino acids thus far 
studied fall into the group of so-called es- 
sential amino acids. These amino acids may 
be synthesized in the body to only a very 
limited e.xtent or not at all.® This should 
simplify, somewhat, the analysis of the 
changes observed. The figure for total amino 
acid nitrogen represents both essential and 
nonessential amino acids in the blood plasma. 

It will be seen from Table I that in the 
controls the level of the amino acids shows 
little change during the hours of ob- 
servation in the postabsorptive state. Fol- 
lowing the administration of insulin or glucose 
(Tables I and II) there is a significant drop, 
but to a variable degree, in the levels of the 
various amino acids. 

.•\s the controls indicate, the patients, dur- 
ing the 354 hours of observation, are approxi- 
mately’ in a state of dynamic equilibrium as 

-« Boin.-kai.>rt, J. B., aud de Dave, Ghr., Physiol. 
Pcv., 1947, 27, 39. 

-1 Mirsky, I. A., Am. J. Physiol., 193S, 124, 569. 

•-!- Frame, E. G., and Russell, J. A,, Endocr., 
1946, 39, 420, 


far as the level, of the various amino adds 
in the blood are concerned. That is, the 
amino acids supplied to the blood as a result 
of protein hydrolysis or amino acid synthesis 
is about balanced by those removed from the 
blood for deamination and oxidation or pro- 
tein or polypeptide synthesis. 

Since insulin or glucose tends to spare pro- 
tein metabolism one should expect a decrease 
in deamination and oxidation of amino acids. 
This is in keeping with the findings of 
Mirsky-* and Bouckaert, and his co-workers-® 
in their animal e.xperiments. However, a de- 
crease in deamination and oxidation of amino 
acids should tend to raise the level of amino 
acids in the blood. Since an appreciable drop 
in the level of amino acids is observed fol- 
lowing glucose or insulin, an inhibition of 
hydrolysis of tissue proteins or an increase 
in the synthesis of polypeptides or proteins 
probably occurs to account for the findings. 

If, in the various patients, insulin or glucose 
inhibited the hydrolysis of the same type of 
storage protein or increased the synthesis of 
some polypeptide or protein of similar com- 
position, then the ratios of the amounts of 
the various amino acids disappearing from the 
blood stream should be similar in the differ- 
ent patients. This tendency occurs for some 
of the amino acids in some of the patients. 
However, there are many’ significant devia- 
tions. Thus, for e.xample, patient (J.B., No. 
1) in Table I shows a drop of 37 y of leucine 
and 18 y of lysine per ml of plasma. This 
is a ratio of leucine to lysine of approximately 
2. In patient (.A..J., No. 5), leucine dropped 
41 y and lysine only 10.5 y which gives a 
ratio of leucine to lysine of approximately 4. 
Thus the mechanisms which depress the level 
of 'the amino acids, thrown into action as a 
result of the insulin hypoglycemia, may not 
be identical in the 2 patients. This marked 
difference in the handling of essential amino 
acids may be highly significant. 

In the case of the nonessential amino acids, 
arginine and histidine, it will be seen that 
there are marked differences in the ratios of 
the amounts of these amino acids which dis- 
appear from the blood plasma. Thus, for 
e.xample, patient (J.M., No. 2) showed a drop 
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of 8.6 y of arginine and 9.8 y of histidine 
per ml of plasma while in patient (A.M., 
No. 6) 18.8 y of arginine and 6.2 y of his- 
tidine disappeared from the plasma. Thus, 
while more than twice the amount of arginine 
disappeared in the latter as compared with 
the former patient, as regards histidine the 
situation was reversed. Thus the e.xtent of 
the relative effect of insulin hypoglycemia 
on arginine and histidine formation and 
utilization must be significantly different in 
these patients. The studies of previous in- 
vestigators regarding the effect on the level 
of total amino acids in the blood failed to 
reveal the comple.xity of the metabolic 
processes which require consideration. Gen- 
eral speculation os to hydrolysis and synthesis 
of tissue protein to account for the marked 
effects of insulin and glucose administration 
would appear to be a rather crude approach 
to comple.x metabolic processes. 

In some patients the oral administration of 
glucose produced as marked a depression in 
the level of valine and arginine as that seen 
in insulin hypoglycemic coma. (See patient 
J.F., No. 10, Table II). However, the ef- 
fect on the other amino acids xvas not com- 
parable. This points to some special effects 
of insulin aside from the supply and utiliza- 
tion of glucose on the metabolism of some 
of the amino acids. This seems to be es- 
pecially marked as regards leucine and lysine 
of the amino acids thus far investigated'. In 
this connection it may be of interest to point 
out that Steele and his co-workers-^ recently 
have found that leucine is one of a few amino 


acids which is not excreted in human urine, 
either free or combined, except under very 
special conditions. This occurs in spite of 
the comparatively high level of leucine in the 
blood. These findings may point to some 
special or unique function of leucine in the 
nitrogen metabolism of man. This will be 
investigated further. 

The possible relation of the amino acids 
to clinical conditions will be the subject of 
another paper. 

Summary. 1. The effect of insulin hypo- 
glycemic coma and of the oral administration 
of glucose on the level of various amino acids 
in 'the blood have been investigated in 15 
mental patients. 

2. The level in the blood of all the amino 
acids, thus far investigated, decreases to a 
variable extent during insulin hypoglycemia 
and also after glucose administration. 

3. Insulin hypoglycemia produced a more 
marked effect on the level of blood amino 
acids than did the administration of glucose. 
Valine appeared to be an e.xception in some 
patients. 

4. Leucine and lysine showed the most 
marked changes of the amino acids -thus far 
investigated. 

5. The total amino acids does not reflect 
the extent of the changes in the blood of the 
level of the individual amino acids. 

6. The possible mechanisms which may 
account for the changes are discussed. 

Steele, B. F., Sauberlich, H. E., Heynolds, 
SI. S., aud Baumann, C. A., Nutrition, 1947, 
3S, 200. 
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Studies on Cigarette Smoke Irritation. I. Determination of Edema-Pro- 
ducing Properties of Certain Types of Cigarette Tobaccos. 


P. S. Larson, H. B. Haag, and J. K. Finnegan. 

From the Vrpartment of Fharmaeologtj, Medical College of Virginia, Siclimond. 


We described^ a method for the quantita- 

1 P- 

S., and Haag, H. B., /. Pham, and Fxp. Therap., 
1947, 8», 115. 


live evaluation of cigarette smoke irritation, 
as judged by its edema-producing properties, 
based on gravimetric determination of the in- 
crease in moisture content of the upper 
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TABLE I, 


ComparatiYe Edema-Producing Properties of Certaiu Types of Cigaiette Tobaccos. 


Type of cigarette 

No. of 
observations 

llean of ratio 
differences* 

Alean of % 
increase in 
moisture 

A. Smyrna (Turkish) 

20 

0.56 

11.82 

B. Bright 

20 

0.96 

21.76 

C. Alaryland 

20 

1.38 

30.76 

D. Samsoun (Turkish) 

20 

1.47 

33.79 

E. Burley 

20 

1.71 

37.12 

P. Blend of A-E 

50 

1.47 

31.14 


* Ratios for exposed tissues minus ratios for control tissues. 


TABLE II. 

Significance of tlie Differences Observed Between the Edema-Brodueing Properties of the Types 
of Cigarette Tobaccos Listed in Table I. 


Comparison 

P value* 

Comparison 

P value 

Comparison 

P value 

A 

VS 

B 

.41 

B 

VS 

G 

.31 

C 

VS 

E 

.39 

A 

V3 

C 

.01 

B 

vs 

D 

.29 

C 

vs 

F 

.76 

A 

VS 

D 

.02 

B 

va 

E 

.10 

D 

vs 

E 

.70 

A 

V3 

E 

.002 

B 

va 

E 

.12 

D 

vs 

E 

.98 

A 

VS 

E 

.002 

C 

vs 

D 

.82 

E 

vs 

F 

.44 


* Probabilitj' values of .05 and less are usually held to indicate statistical significance; 
.01 and less indicate a high degree of significance. 


palpebral conjunctiva of the rabbit eye fol- 
lowing its e-tposure to cigarette smoke. The 
method is briefly as follows: 

Using a smoking machine of the type de- 
scribed by Bradford, Harlan and Hanmer- 
which draws a 35 ml puff once per minute, 
3 puffs are directed through a suitable eye 
cup placed over the widely opened eye of a 
morphinized rabbit. HTien one eye only of 
each rabbit is exposed, the other serving as 
a control, we have named the technic “Pro- 
cedure A.” Where both eyes of each rabbit 
are exposed, thereby permitting comparison 
of 2 cigarettes on the same animal, the tech- 
nic is called “Procedure B.” In both pro- 
cedures, following exposure to the smoke, a 
one-hour period is allowed for edema forma- 
tion. The rabbit is then sacrificed, the upper 
lid membrane of each eye excised, weighed, 
dried in an oven to constant weight, and re- 
weighed. From the wet and dry weights the 
ratio of moisture to dry weight is calculated 
and, in the case of Procedure A, the per cent 
increase in water in the exposed membrane 
over that in the control membrane is deter- 
mined. In a series of such determinations 

^ Bradford, J., Harian, W., and Hanmer, H. R., 
hid. Eng. Clicm., 1936, 28, 836. 


involving 2 or more groups of cigarettes, the 
differences in the ratios between groups are 
evaluated statistically for significance by 
analysis of variance. 

In the present study, we have applied Pro- 
cedure A to an investigation of a blend of 
cigarette-tobacco types in an effort to evalu- 
ate the role of each in the production of 
cigarette smoke irritants of the edema-pro- 
ducing type. 

Experhnental. Six groups of cigarettes 
were prepared, one containing only Smyrna 
(Turkish) tobacco, one containing only Sam- 
soun (Turkish) tobacco, one containing only 
Bright tobaccos, one containing only Mary- 
land tobaccos, one containing only Burley 
tobaccos, and one containing a blend of all 
of these tobaccos. All were brought to com- 
parable moisture content (11.5-12.5%) by 
placing them in atmospheres of suitable hu- 
midity. From each group, cigarettes were 
selected for smoking purposes on the basis of 
comparable resistance to air flow through 
them when subjected to a slight constant 
negative pressure at one end. Fifty of the 
blended cigarettes and 20 from each of the 
other groups were tested by Procedure A 
and the results are recorded in Table I and 
the significance of differences in Table II. 
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Discussion. From Tables I and II it is 
apparent that the smoke from certain types 
of cigarette tobaccos tends to be lower in 
edema-producing irritants than that from 
other types, and that in a blend of these 
tobaccos these irritants appear to be additive. 

In our original description of the method 
here used^ and throughout the presentation 
of the present study, we have stressed the 
fact that the only irritants measured by this 
technic are those that produce edema. That 
this is not necessarily related to the sensa- 
tions of subjective irritation experienced by 
a smoker was strikingly brought out in the 
present study in the case of the cigarettes 
made from Burley tobaccos alone. As meas- 
ured by edema-producing irritants alone this 
cigarette was not significantly more irritating 
than the blended cigarette, yet the sensations 
experienced by tbe smoker were quite the op- 
posite. Whereas, the average smoker had no 
difficulty in making a deep inhalation of the 
smoke from the blended cigarette, a similar 
inhalation of smoke from the Burley cigarette 
left him unable to draw a second breath for 


an uncomfortably long period. It is appar- 
ent from this that substances which produce 
a degree of subjective irritation dispropor- 
tionately greater than that which might be 
expected on the basis of their edema-produc- 
ing properties, may be present in cigarette 
smoke. Development of a method capable 
of quantitative measurement of the subjective 
sensation of irritation to complement the 
measurement of edema-producing irritants so 
that a more complete picture may be ob- 
tained is greatly to be desired. 

Conclusions. 1. Smoke from different 
types of cigarette tobaccos may differ sig- 
nificantly in edema-producing irritants. 2. 
Constituents are present in cigarette smoke, 
from at least certain types of tobaccos, which 
produce a degree of subjective irritation dis- 
proportionately greater than that which might 
be expected on the basis of their edema-pro- 
ducing properties. 

TVe are indebted to Mrs. Sarah Quervy for tech- 
nical assistance in performing the reported experi- 
ments. 
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New Formula for Dilution Curve of Plasma Prothrombin. Normal 
Standards and Changes in Pathologic Conditions. 

S. Rapoport. 

From the Chilclren’s Hospital Scsearch Fomdation, and the Department of Pediatrics, College 


of Medicine, University 

The various one-stage methods for the 
measurement of prothrombin time used at 
present, differ little from the procedure orig- 
inally employed.^ They ate based on the 
assumption that the clotting time of plasma 
is dependent solely on its prothrombin con- 
tent, if an e.xcess of thromboplastin and op- 
timal amounts of calcium are provided; con- 
stancy of the rate of conversion of prothrom- 
bin to thrombin is assumed. As source of 


1 Quick, A. J., Stanley-Brown, M., and Ban- 
croft, F. W., Am. J. AT. Sc., 1935, lOO, 501; QnicR, 
A. X, d. A. iC. A., im, 110, IfiSS. 


of Cincimtati, Cineimwti. 

thromboplastin an extract of rabbit brain, or 
the venom of the Russel viper, are most com- 
monly used. 

In all procedures the quantitative compari- 
son of abnormal with normal plasma meets 
with as yet unresolved difficulties, which have 
occasioned a variety of methods of assay. 
The simplest assumption,* that the clotting 

2 Ziffren, S. E., Owen, C. A., Hoffman, G. B., and 
Smith, H. P., Am. J. Clin. Path., Tech. Supp., 
1940, 4, 13; Ziffren, S. B., Owen, C. A., Hoffman, 
G. E., and Smith, H. P., Paoc. Soc. Exr. Bion. 
MTO Med., 1939, 40, 595; Govan, C. V., J. Pediat., 
1946, 20, 629. 
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time of plasma is linearly proportional to its 
prothrombin content, is obviously incorrect,^ 
since it can be shown that the clotting time 
of normal plasma on dilution follows a curve 
resembling a hyperbola in shape.^-^ This 
curve shares with the hyperbola the property 
that the product of the 2 coordinates, clotting 
time in seconds and percentage of plasma 
concentration, tends to be constant but dif- 
fers from a hyperbola in 2 respects; (1) a 
plasma percentage over 100 a priori cannot 
exist, and (2) the approach to infinity of 
clotting time in the region of low’ plasma con- 
centrations is not truly asymptotic; beyond 
a certain dilution, plasma will no longer clot 
at all. In comparing abnormal plasma with 
the normal, generally the assumption has 
been made, either e.xpressly or implicitly, 
that the clotting properties of abnormal plas- 
ma can be expressed in terms of a dilution 
of normal plasma. Often the prothrombin 
content has been expressed as per cent of nor- 
mal, based on a curve established for serial 
dilutions of normal plasma. If the assump- 
tion underlying such a procedure were cor- 
rect, dilution cun’es of normal and abnormal 
plasmas could be made to coincide by proper 
linear shifting of their curves along one of 
the coordinates. For instance, an abnormal 
plasma which undiluted might have a clotting 
time corresponding to a 50% concentration 
of normal plasma, on dilution with an equal 
volume of saline should give a clotting time 
corresponding to a 25% concentration of nor- 
mal plasma. Serious doubts concerning the 
validity of this premise have been expressed, 
and it has been demonstrated that the dilu- 
tion curves of pathic and normal plasmas 
usually cannot be superimposed, indicating 


3 Quick, A. J., The Uemorrhagie Diseases and 
(he Ph!i>.io1ofi;i of Uemonlasis, Springfield, HI., 
1942, C. C. Thomas. 

■* P.age, R. C.. do Beer, E. J., and Orr, M. L., 

Lab. and rii'ii. Mtd., 1941, 27, 197 ; Quick, A, 
J., Am. J. Phiisiot, 1941, 132, 239. 

Cmipljfll, H. .4., Smith, W. K,, Koberfs, W. L., 
and Link, K. P.. J. Siol. CUem., 1941, 138, 1. 

0 Overman, R. S., Stalmiann, M, A., Sulliv.an. 
lY. R., Huebner, C. F., Campbell, H. A., and 
Link, K. P,, J. Biol. Cliem., 1942, 142, 941. 


that not only their starting points, but also 
their slopes differ.^-® One group of investi- 
gators, for purposes of assay of prothrombin- 
lowering substances, plotted the logarithm of 
the' clotting time versus the logarithm of plas- 
ma concentration.® This method also is based 
on the assumption that the curves of normal 
and abnormal plasma have the same slope. 
Xo proof was adduced for this premise. 

Some observers have preferred either a 
12.5 or a 25% concentration of plasma for 
the routine measurement of prothrombin, 
since in states of prothrombin deficiency the 
clotting time of plasma increases more on 
dilution than normally. One investigator,® 
noting considerable variation in the difference 
between the clotting times of undiluted plas- 
ma and a 1:8 plasma dilution in various clin- 
ical conditions, proposed that this difference 
was a more reliable index of the prothrombin 
activity than the clotting time of either un- 
diluted or diluted plasma alone; when the 
difference between undiluted and diluted plas- 
ma was increased a state of hypoprothrom- 
binemia was indicated, and either hyper- 
prothrombinemia, or an increase of coagula- 
tion-inhibitors, when the difference was re- 
duced. 

Finally, a formula describing the dilution 
curve of normal plasma of rabbit and man 
has been given as follows;® 
f = a -j- k/c 

where f is the clotting time of any given con- 
centration oi plasma, c is the concentration 
of plasma, and a and k are constants, a is 
the intercept at infinite concentration, while 
at 100% concentration f — a = A/100, a 
was found to be 5.1 for rabbit and 10.3 for 
human plasma, while the k values were 139 
and 354, respectively. This formula, indi- 
cating direct proportionality between the clot- 

r Br.mibel, C. E., and Loker, P. p., Paoc. Soc. 
Exp. Biol, .vxd Med., 1943, 53, 21S. 

sSliapiro, S., pjrp. Med. and Snrg., 1944, 2, 103; 
Sluapiro, S., Sberwiu, B., Redisb, N., and Camp- 
bell, H. A,, Psoc. Soc. Exp. Biol, axd Aim, 1942 
50, So. 

3 Quick, A. J., and Leu, AL, J. Biot Chem., 1937, 
119, LX5XI; Quick, .=1, J., Paoc. Soc. E.xp. Biol. 
AXD AIeo., 1939, 42, 7SS. 
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Fig. 1. 

Prothrombin time and dilution constant of tlie blood plasma of man, dog, rabbit, rat and 
guinea pig. 


ting time and Ifc, the reciprocal of the con- 
centration, fits the experimental finding that 
for any given plasma the product of clotting 
time and dilution tends to be constant. The 
authors did not use the formula for the de- 
scription of abnormal plasma. 

In the following it will be shown that the 
prothrombin time of normal as well as ab- 
normal plasma of man, dog, rabbit, rat and 
guinea pig may be expressed by the following 
formula; 

t =z ti V(dilution* — 1) 
where t is the clotting time in seconds of any 
given plasma dilution,* tx that of undiluted 
plasma, and ^ is a proportionality factor, the 
dilution constant, which indicates the increase 
of clotting time per unit increment of re- 
ciprocal concentration. This formula, the 
equation of a straight line, indicates as do 
some formulas previously mentioned, direct 
proportionality between the reciprocal of plas- 
ma dilution and the clotting time but differs 
from them in the choice of the constants. 

*I)i!ution =: tlie ratio of the final volume of 
the plasma-saline mixture to the original volume 
of plasma. 


Both tx and k are constants for any given 
plasma, but vary among different samples and 
under pathologic conditions. Considered 
analytically the 2 constants, representing the 
intercept and the slope of the line, are suf- 
ficient to describe the values of serial dilu- 
tions of any given plasma. In this com- 
munication are presented the normal standard 
values, of tx and k for human, dog and rabbit 
plasma, 2 examples of the behavior of the 
constants in e.xperimen tally-produced hjqio- 
prothrombinemia, and a survey of their varia- 
tions in clinical conditions. 

Experimental. Freshly drawn blood, col- 
lected fay venipuncture with precautions to 
avoid hemolysis and foaming, was delivered 
into test tubes measuring 10 x 7S mm and 
graduated at 1 cc, which contained O.I cc of 
0.1 molar sodium oxalate. After gentle but 
thorough mixing the tubes were centrifuged 
for S minutes at 2000 r.p.m. The super- 
natant plasma was drawn off and the pro- 
thrombin time was determined according to 
the slightly modified method of Fullerton*® 
as follows: an 0.1 S cc aliquot of the oxalated 

10 Fullerton, ZancetTlOlO, 3, 19S. 
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TABLE I. 

Mean Iformal Values for the Prothrombin Time of TJudiluteil Plasma (t-i) and the Dilation 
Constant of Man, Dog, and Babbit. 


All values are given in seconds. 

No. of 

Species s.imples 

Dndiluted plasma 

Mean S.D.* S.E.* 

Dilution constant 

Mean S.D.* S.E.* 

Man 

. 37 

19.9 1.2 0.2 

3.S 0.9 0.2 

Dog 

OO 

11.4 1.4 0.3 

'1.S O.o 0.2 

Babbit 

io 

11.4 1.4 0.4 

3.2 0.5 0.4 


* S.D. = standard deviation; S.E. = standard error. 


plasma was measured into a small test tube 
and placed for one minute in an all-glass 
water bath permitting close observation at 
37°. Then an equal amount of a similarly 
prewarmed mixture of thromboplastin and 
calcium chloride n'as added, and with con- 
stant shaking of the tube in the water bath 
the time for the formation of a solid fibrin 
clot recorded. Clotting times were also meas- 
ured on various dilutions of plasma prepared 
with 0.9% sodium chloride solution. .\ll de- 
terminations were performed in duplicate. 
The mi.xture of thromboplastin with calcium 
chloride was prepared by dissolving 0.5 mg 
of Russel-viper venom (Stypven, Burroughs- 
Wellcome Laboratories, 9 East 41st Street, 
New York, N, Y.) in 10 cc of 0.025 molar 
calcium chloride solution. The mixture was 
found stable for at least one month when 
kept in the refrigerator between tests. No 
significant differences between different 
batches of venom were ever noted over a 
period of 4 years, e.xcept in 1945-46 when 
owing to war-time shortages difficulties were 
experienced by the manufacturer in the prep- 
aration of a satisfactory product. 

Results. 1. Normal values. In Fig. 1 are 
presented representative data on individual 
samples of normal human, dog, rabbit, rat 
and guinea pig plasma. .\s can be seen, a 
straight line relationship obtains for the 
range of dilutions studied. Fig. 1 also il- 
lustrates the fact that there is little relation 
between the clotting time of undiluted plas- 
ma and the dilution constant among differ- 
ent species. For instance it is apparent that 
the clotting times of the undiluted plasma of 
dog and rabbit are similar while the slopes 
of the dilution curves differ widely. On the 
other hand, rabbit and human plasma give 


similar dilution constants, despite the differ- 
ence in the clotting time of the undiluted 
plasmas. 

In Table I are given the mean values of 
the clotting time of undiluted plasma and the 
dilution constant, for human, dog and rabbit 
plasma together with their statistical descrip- 
tion. For human plasma, if one accepts the 
conventional limits of ± 2 standard devia- 
tions as the limits of normal variation, a 
range of 17.5-22.2 seconds for the undiluted 
plasma and 2.0-5.6 for the dilution constant 
may be given. A proportional range is found 
for the plasmas of dog and rabbit. 

The formula appears valid over a dilution 
range up to approximately 1:10 for normal 



Fig. 2. 

Tlie prothrombin time of a rabbit followinn- the 
subeuLmcous injection of 0.3 co per kg of methyl 
salicylate, * o 
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Pig. 3. 

Changes of the prothrombin time of a rabbit following the intravenous injection of 2 mg 
per kg of dicumarol. 


human and approximately 1:20 for dog plas- 
ma. On further dilution disproportionate 
lengthening of the clotting time occurs. In 
plasma with prolonged clotting time the pro- 
portionality range is reduced, suggesting the 
existence of an upper limit of approximately 
70-80 seconds for the validity of the formula. 

2. Changes in experimentally-produced hy- 
poprothrombinemia. Two examples of hy- 
poprothrombinemia produced in rabbits by 
the administration of dicumarol and methyl- 
salicylate are presented in Figs. 2 and 3. It 
may be seen that in both experiments the 
undiluted plasma clotting time as well as the 
dilution constant increased. Such data in- 
dicate that both indices are related to the 
prothrombin content of the plasma, and that 
the curves of abnormal and normal plasma 
cannot be superimposed. 

3. Changes in clinical conditions. The pur- 
pose of this section is not so much to present 
a compilation of changes of prothrombin time 
in disease, as to indicate the relation of the 
clotting time of undiluted plasma to the dilu- 


tion constant. The patients for the most part 
were children. The data are divided into 2 
groups on the basis of the dilution constant. 
In Table II are presented in order of in- 
creasing value cases of elevation of the dilu- 
tion constant. They are recruited mostly 
from 3 groups: (1) cases of deficiency of 
vitamin K, (2) liver damage of various kinds, 
and (3) bleeding for extended periods of 
time. A fourth group of cases, patients on 
salicylate medication, is separately presented 
in Table IV. 

It may be seen that there are interesting 
parallelisms as well as discrepancies in the 
behavior of the clotting time of undiluted 
plasma (tj) and the dilution constant. In all 
cases of vitamin K deficiency, with marked 
prolongation of fi the dilution constant also 
was elevated. On the other hand in patients 
with severe hepatic damage the dilution con- 
stant was increased independently of the 
changes of undiluted plasma, an observation 
which has proved to be of diagnostic and 
prognostic value. The discrepancy between 
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TABLE II. 


Cases of Prolonged Dilution Constant. (Listed in order of increasing value). 


Case Xo. 

Plasma prothromliin time 
Undiluted Dilution 

plasma (tj) constant 

seconds seconds 

Diagnosis 

1. 

45.3 

6.0 

Aplastic anemia, bleeding profusely 

Chronic diarrhea 

2. 

30.9 

6.1 

3. 

25.7 

7.2 

Syphilitic hepatitis 

4. 

18.4 

7.3 

Congenital atresia of the bile ducts 

5. 

36.3 

7.3 

Lymphosarcoma, bleeding 

6. 

29.5 

7.3 

Histoplasmosis 

7. 

36.1 

7.5 

Infectious hepatitis, convalescing 

8. 

28.5 

7.6 

ft } ! 3 i 

9. 

33.9 

7.6 

Chronic diarrhea 

10. 

35.8 

7.7 

Intrahepatic biliarj- obstruction 

11. 

21.0 

8.2 

Cirrhosis of liver 

12. 

26.6 

8.6 

Hheumatie fever, cardiac decomposition with 
hepatic congestion 

13. 

26.7 

8.7 

Thrombocytopenic purpura 

14. 

15.0 

8.8 

Erythroblastosis fetalis 

Banti’s disease 

15. 

27 2 

9.0 

16. 

18.4 

9.3 

Hemophilia, prolonged bleeding from gastro- 
enteric tract 

17. 

28.1 

9.9 

Bhenmatic fever with congestion of liver 

18. 

28.7 

9.9 

Ervthroblastosis fetalis, severe 

19. 

24.6 

10.0 

Tj^hoid fever, severe, 1 day premortem 
Hemophilia, epistasis of 5 days' duration 

20. 

30.9 

10.0 

21. 

43.0 

10.1 

Erythroblastosis fetalis, severe anemia 

Banti’s disease 

22, 

31.2 

10.4 

23. 

30.1 

10.5 

Congenital atresia of bile ducts, bleeding 

24. 

19.6 

10.8 

Cirrhosis of liver 

25. 

15.1 

10.9 

>> y> 

26. 

34.0 

10.9 

Chronic diarrhea 

27. 

25.1 

11.2 

Infectious hepatitis of long duration 

28. 

23.2 

12.4 

Diarrhea 

29. 

21.5 

13.8 

Hepato-reual syndrome of lupus erythematosus 
Letterer-Siwe disease, 1 dar pre-mortem 

30. 

32.3 

14.3 

31. 

51.2 

14.4 

Acute infectious hepatitis ivith subacute liver 
atrophy 


27.9 

15.5 

1 day after vitamin K, 1 day pre-mortem 

32. 

20.0 

14.9 

Cirrhosis of liver 

33. 

29.4 

16.4 

Erythroblastosis fetalis, severe, 8 hours pre-mortem 

34. 

21.6 

19.1 

Erythroblastosis fetalis 

35. 

52.6 

=<32 

Chrome, diarrhea 

36. 

61.8 

^37 

99 

37. 

66.8 

=44 

Hemorrhagic disease of the uewboru 

38. 

80.2 

^56 

Chronic diarrhea 

39. 

76.8 

^73 

> > 9 9 


the 2 indices in cases of hepatic damage as 
compared with their, parallelism in vitamin 
K deficiency, suggests that humoral clotting 
factors other than prothrombin may play a 
role in hepatic disorders. The data on cases 
of prolonged bleeding, here presented, indi- 
cate that the immediately available supply 
of prothrombin, or vitamin K, may be ex- 
hausted. Thus patients with hemophilia 
may also develop hypoprothrombinemia (see 
cases 16 and 20). The data on the effect of 
salicylate medication in the usual dosage 
(0.1-0. IS g per kg body weight) on patients 


with rheumatic fever suggest that with paral- 
lel changes of the undiluted plasma and the 
dilution constant, the latter is a more sensi- 
tive indicator of the changes of prothrombin. 

The cases of decrease of the dilution con- 
stant are drawn from a more heterogeneous 
material than those of prolongation. In Ta- 
ble III 3 groups appear prominent: (1) cases 
of infectious hepatitis in an early stage, (2) 
cases of the nephrotic syndrome, and (3) cases 
of rheumatic fever. .-Vlso represented are 
cases of purpura, leukemia, and Rocky ^Moun- 
tain Spotted Fever, disorders with bleeding 
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TABLE in. 

Cases of Beduetion of the Dilution Conatant. (Listed in order of increasing value.) 


Case Ro. 

Plasma prothrombin time 
Undiluted Dilution 

plasma (tj^) constant 

seconds seconds 

Diagnosis 

40. 

17.7 

—0.4 

Post-infectious state, with liigli serum agglutinin 
titer 

41. 

21.0 

0.0 

Non-thrombocytopenio purpura 

42. 

22.5 

0.4 

Nephrotic syndrome 

43. 

30.0 

0.4 

9} yj 

44. 

16.0 

0.5 

Infectious hepatitis 

45. 

23.8 

0.5 

Symptomatic purpura 

46. 

19,9 

0.6 

Nephrotic syndrome 

47. 

17.1 

0.7 

Post-tonsillectomy bleeding 

48. 

21.7 

0.8 

Infectious hepatitis 

49. 

, 30.6 

0.8 

Acute lymphatic leukemia 

50. 

16.4 

1.3 

Infectious hepatitis 

51. 

20.7 

1.4 

Nephrotic syndrome 

52. 

15.2 

1.5 

Hheumatie fever 

53. 

29.0 

1.5 

Bheumatoid arthritis 

54. 

18.3 

1.7 

Neplirotic syndrome 

55. 

22.5 

1.7 

Eoeky Mountain spotted fever 

56. 

14.8 

1.8 

Acute lymphatic leukemia 

57. 

16.6 

1.8 

Bocky Mountain spotted fever 

58. 

21.7 

1.8 

Infectious hepatitis 

59. 

14.7 

2.0 

Sickle cell anemia in hemolytic crisis 

60. 

19.9 

2.0 

Eoeky Mountain spotted fever 

01. 

20.8 

2.0 

Nephrotic s.yndrome 

62. 

14.4 

2.1 

Ehenmatic fever 

63. 

16.1 

2.1 

>> if 

64. 

16.4 

2.1 

Infectious hepatitis 

65. 

22.3 

2.1 

Hheumatie fever 


from the small vessels as a common feature. 
Another group, cases of patients receiving 
vitamin K, is presented in Table V. 

Again, a widely varying relationship be- 
tween ti and the dilution constant is evident. 
While both indices changed in a parallel man- 
ner in some patients with infectious hepatitis 
and in Chose receiving vitamin K, marked 
discrepancies were found among the other 
patients. Of particular interest is the com- 
bination of a considerable prolongation of h 
with a marked reduction of the dilution con- 
stant (see cases 43, 49 and 53). Whether 
the reduced dilution constant reflects an ac- 
tual increase of prothrombin content or is 
the result, of an increase in the amount of 
au-xiliary clotting factors cannot be said at 
the present. Reduction of both fj and the 
dilution constant suggests strongly the ex- 
istence of a state of true hyperprothrombin- 
emia but additional effects of activators and 
inhibitors of clotting have to be invoked in 
cases where the 2 indices differ from each 
other. 

Dhatssion. It may be well to point out 


that no definite independent biological mean- 
ing has been assigned to the 2 constants in 
the expression for prothrombin time. The 
data on h 3 ?poprothrombinemia, esperimental 
as well as clinical, suggest that the constants, 
not truly independent of each other, change 
in a parallel manner. On the other hand, 
the observations on different species and on 
the clinical material illustrate marked and 
well defined discrepancies between the 2 in- 
dices. These differences may be related to 
variations in the amount of au.xiliary factors 
of clotting rather than of prothrombin. 

Clinically of greatest interest is the appar- 
ent usefulness of the dilution constant as an 
indicator of hepatic damage. In infectious 
hepatitis decreases as well as increases of the 
dilution constant occur, suggesting the oc- 
currence of a period of stimulation, followed 
by suppression, of hepatic function. Similar 
changes in cases of bleeding may be due to 
stimulation followed by e-vhaustion of^ pro- 
thrombin formation. Most of the conditions 
in which a decrease of the dilution constant 
was observed are characterized by altera- 
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Dilution Curve of Plasma Prothrombin 
TABLE IV. 


Effect of Salicylate on Dilution Curve of Plasma Protlirombin. 


Plasma prothrombin time 



Undiluted 

Dilution 



plasma (t^) 

constant 


Case No. 

seconds 

seconds 

Comments 

66. 

20.1 

4.9 

Before 


26.6 

9.1 

2 days salicvlate 


25.5 

9.7 



26.8 

10.6 

6 ” ” 


25.S 

11.5 

S ” ” 


23.2 

9.6 

2 ” stopped 

67. 

20.2 

5.6 

Before 


24.7 

6.4 

2 days salicylate 


22.9 

6.8 

4 ” 


22.1 


2 ” stoi>ped 

68. 

16.2 

o o 

Before 


24.1 

5,0 

4 days salicylate 


27.5 

6.8 

y J > fi 


19.6 

4.7 

5 ” after 

69. 

21.0 

3.7 

Before 


23.9 

5.8 

3 days salicylate 


23.9 

6.7 

6 ” ” 


20.2 

4.7 

4 ” after 

70. 

20.S 

5.2 

Before 


31.1 

10.3 

4 days salicylate 

71. 

22.0 

4.7 

Before 


22.9 

7.1 

4 days salicylate 


20.5 

D.D 

2 ” after 

72. 

19.1 

4.7 

Before 


21.3 

6.0 

2 davs salicylate 


20.3 

6.9 

6 ” ” 

73. 

19.7 

3.0 

Before 


21.4 

6.4 

2 days salicylate 


22.6 

7.2 

ii if 

74. 

20.2 

2.4 

Before 


27.8 

9.6 

12 days salicylate 


22.0 

2.0 

10 ” after 




TABLE Y. 


The Effect of Vitamin K Medication on Dilution Constant. 


Plasma prothrombin time 



Undiluted 

Dilution 



plasma (fj) 

constant 


Case No. 

seconds 

seconds 

Comments 

10. 

35.S 

7.7 

Intrahepatie biliary obstruction 


16.1 

0.9 

2 days after Vit. K 

37. 

66,8 

=»44 

Hcmorrliagic disease of new born 


16.2 

1.4 

1 day after Vit. K 

39. 

76.8 

=^75 

Chronic diarrhea 


14.7 

1.7 

2 days after Vit. K 

27. 

25.1 

11.2 

Infectious hepatitis of long duration 


19.2 

2.0 

2 days after Vit. K 

75. 

15.4 

1.4 

Erythroblastosis fetalis 

1 day after Vit. K 

76. 

16.3 

1.8 

Chronic diarrhea 

1 day after Vit. K 
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lions in the distribution of plasma protein 
and increases of fibrinogen. Such patients 
may e.\perience a general humoral stimula- 
tion in which clotting factors participate. 

Summary. A new formula expressing the 


dilution curve of plasma prothrombin is pre- 
sented. Normal standards and examples of 
change in experimental clinical conditions are 
given. 
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Inhibitory Effect of Dibenamine on Vasoconstrictor Substances. 

H, Haimovici.* 

From </ie Zaioraiones of The Mount Sinai Sospital, Mew YorTc City. 


Recently Nickerson and Goodman’^ report- 
ed the results of the study of a new adrenolytic 
and sympathicolytic drug, dibenzyl-/?-chIoro- 
ethyl amine hydrochloride (dibenamine). 
They found that after the administration of 
this agent to dogs and cats, intravenous epi- 
nephrine in high doses causes a reversal of 
blood pressure (a fall of 20 to 40 mm Hg). 
In addition to the blocking and reversing of 
the excitatory adrenergic response, dibena- 
mine had the ability to prevent epinephrine- 
induced cardiac irregularities in dogs sensi- 
tized by cyclopropane.- Most of the studies 
on dibenamine reported above deal with re- 
sponses of heart rate, blood pressure, nictitat- 
ing membrane, pupillary reactions. 

Because of the possible clinical usefulness 
of dibenamine in angiospastic conditions as- 
sociated with peripheral vascular diseases, 
causalgic states or hypertension, f an investi- 
gation of vasomotor responses to this agent, 
as e.xpressed in terms of peripheral blood 
flow, seemed of interest. The present report 
deals with a study of the inhibitory effect 
of dibenamine on vasoconstrictor substances. 

Methods. All the experiments reported in 
this investigation were carried out in the 

* Elsa and William Menke Fellow. 

Tills investigation was aided by a grant from 
tlie Perijplieral V.iscular Disease KesearcU Fund. 

1 Nickerson, M., and Goodman, h. S., PeS. 
Proc., 1946, 5, 194. 

2 Nickerson, M., Smitb, S. JT., and Goodman, 

D. S., Fed. Proc., 1946, 5, 195. 

1 Clinical investigation of the action of diben- 
amine in such conditions is now in progress. 


Laewen-Trendelenburg (L-T) preparation in 
frogs (Rana pipiens). This preparation is a 
sensitive indicator in testing vascular re- 
sponses, and offers a simple tool for the an- 
alysis of vasomotor agents and their antag- 
onists. The perfusate used was a solution 
containing 0.65% NaCl and 0.02% KCl. 
Two Mariotte bottles were connected by a 
y-piece with the perfusion system, i.e. the 
rubber tubing leading to the aortic cannula. 
One bottle contained the plain perfusion solu- 
tion, the other, added to the latter, 
dibenamine.! This substance was used at 
various concentrations. Epinephrine hydro- 
chloride, nicotine base (Eastman Kodak) and 
hypertensin (angiotonin)? were used in test- 
ing the vasoconstrictor-blocking ability of 
dibenamine. The injections of these vasopres- 
sor substances were made through the rub- 
ber tubing into the glass cannula inserted 
into the abdominal aorta of the frog. Their 
vasomotor activity was evaluated in terms of 
the output variations of drops per minute. 

Results. The injection of a small amount 
of epinephrine (1/10-1 y), nicotine (I-IO y) 
or hypertensin (O.OS-O.S cc) in the L-T prep- 
aration induces a marked vasoconstriction as 

{ Dibenamine was supplied by Givaudan-Dela- 
wanna, Ine., Velawnnna, N.J., tbrougii tbe courtesy 
of Dr. W. Gump. 

^ Hypertensin (angiotonin) was prepared from 
the interaction of Benin (Smaco) and sheep serum 
according to the method described by Sapirstein 
et af.3 

3 Sapirstein, L. A., Heed, K. K., and Soutlmrd, 

P. D., Jr., J. Zah. and Clin. Med., 1944, 20, 633. 
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TIME IN MINUTES. 

PiQ. 1. TIME IN MINUTES 

Inliibitory effect of dibenamiue on the vasocon- PlC. 2. 

stricter action of epinephrine. (The bar indicates Effect of dibenamine on hyperteusin. (The bar 
tiie time of perfusion TritU dibenamine). indicates the time of perfusion with dibenamine). 


expressed by the reduction of the output 
(50-8055>) and the duration of this effect 
ranging from 10 to 30 minute or more, i.e. 
before the output returns to its initial level. 
Each individual preparation was first tested 
for its sensitivity to epinephrine as well as 
to the other pressor substances used in this 
investigation. 

I. Effect of dibenamine on epinephrine. 

(a) Dibenamine hydrochloride in a concen- 
tration of 1:2,500,000 or less inhibits the 
action of epinephrine only partially. In high- 
er concentrations ranging from 1:1,000,000 
to 1:250,000 or more, dibenamine inhibits 
the vasoconstrictor action of epinephrine com- 
pletely within 5 to 10 minutes after the onset 
of the perfusion. The outstanding feature of 
this effect, as the perfusion with dibenamine 
progresses (20 to 30 minutes), is a complete 
inhibition of the response to even large 
amounts of epinephrine (50-1000 y) (Fig. 1). 

(b) Dibenamine hydrochloride was kept 
in solution together with epinephrine (KX) y 
of epinephrine in 50 cc of a solution of 
1:250,000 dibenamine) in vitro for 30 to 60 
minutes. When such epinephrine was tested 
after that lapse of time, its vasoconstrictor 
activity was essentially unaltered. 

(c) .A.ccording to the chemical constitu- 
ents present in the perfusate, dibenamine ex- 


hibited a more or less complete inhibitory 
action on large amounts of epinephrine. The 
perfusing solution containing 0.65% NaCl 
and 0.02% KCl is the most suitable vehicle, 
if dibenamine is to show a complete block- 
ade of large amounts (50-1000 y) of epi- 
nephrine. The bicarbonate-free Tyrode solu- 
tion is less suitable, for dibenamine does not 
then inhibit the vasoconstrictor action of 
large amounts of epinephrine completely. This 
seems to be due chiefly to the presence of 
calcium chloride. Indeed, when the perfusate 
contained 0.035% CaClj in addition to 
0.65% NaCl and 0.02% KCl, the adrenolytic 
action of dibenamine was greatly diminished 
for the large amounts of epinephrine. 

II. Effect of dibenamine on hyperteusin 
(angiotonin). .Amounts of hypertensin rang- 
ing from 0.05 cc to 0.5 cc induce a marked 
and sustained constriction of the vascular bed 
of the frog’s hind legs. 10 to 20 minutes 
after the onset of the perfusion with diben- 
amine, in concentrations ranging from 1:250,- 
000 to 1:25,(X30, the vasoconstrictor action 
of hypertensin remains unchanged. .After 40 
to 50 minutes of perfusion its action is altered 
only slightly (Fig. 2). 

III. Effect of dibenamine on nicotine. The 
injection of small amounts of nicotine 
(I- 10 y) in the L-T preparation elicits 2 



488 


Thiouracil and Estrogen on Eactogenic Hormone 


major reactions:,, (a) twitchings of the thigh 
and leg muscles, (b) marked vasoconstric- 
tion * Within 30 to 45 minutes after the on- 
set of the perfusion with dibenamine (1:250,- 
000 to 1:25,000) when the action of large 
amounts (50-1000 y) of epinephrine is com- 
pletely blocked, nicotine still induces notable 
vasoconstriction and visible twitchings of the 
muscles. 

Discussion. ; Dibenamine hydrochloride 
used in concentrations of 1:1,000,000 to 
1:25,000 prevents epinephrine-induced vaso- 
constriction as tested in the Laewen-Tren- 
delenburg preparation. The protective effect 
afforded by this drug appears to be very 
potent, for it can block the action of very 
large amounts of epinephrine (1000 y). This 
is practically a total adrenolytic effect. A 
comparative study with benzyl-imidazoline 
hydrochloride (priscol),!! another synthetic 
autonomic blocking agent,® used under the 
same experimental conditions, exhibits a 
similar protective action but only for smaller 
amounts of epinephrine. This is in agree- 
ment with the results obtained by other in- 
vestigators experimenting in intact animals."-® 
The inhibitory effect of dibenamine on epi- 

■THaimovici, H., and Pick, E. P., Pkoc. Soc. 
Bxp. Bion. AND jNXed., 1946, 03, 234. 

II Priscol was supplied by Ciba Pliann. Prod., 
Summit, N. J., through the courtesy of Dr. E. 
Oppenlieimer, 

0 Sohnetz, H., and Pluch, SI., /. iiHn. Med., 
1940, 1S7, 667. 

0 Paab, W., and Humphreys, E. J., J. Fliarm. and 
Exp. Tlterap., 1946, S8, 268. 


nephrine does not seem to be due to a direct 
chemical interaction between the 2 molecules. 
The in vitro e.xperiments reported above seem 
to support this view. In addition to being 
adrenolytic, dibenamine exhibits also a 
marked sympathicolytic action as shotvn by 
studies in the intact animal.^-- Since 
dibenamine is an adrenolytic and sym- 
pathicolytic agent, its site of action is prob- 
ably at the neuroeffector cells or between 
the postganglionic nerve endings and the lat- 
ter. 

Within 30 to 50 minutes after the onset 
of the perfusion with dibenamine, when the 
action of large amounts of epinephrine is 
completely inhibited, small amounts of both 
h3fpertensin and nicotine still exhibit a 
marked vasoconstrictor activity. These facts 
seem to indicate that dibenamine is either 
specifically adrenolytic or that these various 
vasoconstrictor substances do not have the 
same site of action. 

Summary. 1 . Dibenzyl - /3 - chloroethyl 
amine hydrochloride (dibenamine) inhibits 
the vasoconstrictor action of epinephrine, as 
tested in the Laewen-Trendelenburg prepara- 
tion in the frog. Its adrenolytic action is 
very potent, for it blocks even large amounts 
of epinephrine (50-1000 -y). 2. When the 

action of large amounts of epinephrine is com- 
pletely inhibited by dibenamine, both hyper- 
tensin and nicotine still e.xhibit a marked 
vasoconstrictor activity. 3. The peripheral 
locus of action of dibenamine seems to be at 
the neuroeffector cells or between the post- 
ganglionic nerve endings and the latter. 
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Effect of Thiouracil and Estrogen on Lactogenic Hormone and Weight of 

Pituitaries of Rats.* 


Joseph Meites and C. W. Turner. 

From the Department of Dairy EiisVandry, University of Missouri, Colamhia, JIo- 

The weight of the hypophysis increases subsequent to thyroidectomy,*”* and this may 

- ■ _ . — ^ r>0 0*7 


* Contribution from tbo Dep.artment of Dairy 
Husbandry, Missouri Agricultural Experiment Sta- 
tion, Journal Series No. 1042. 


1 Hammett, E. S., Am, J. Anat., 1923, 33, 07.^ 

2 Hammett, K S., Endocrinology, 192G, 10, 145. 
sSmelser, G. K., Anat. Sec., 1939, 74, 7. 
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be due to an augmentation of the basophil 
cells*-^ which are presumed to secrete thyro- 
tropin.®*® The acidophils, on the other hand, 
become markedly decreased following thy- 
roidectomy.® The administration of goitro- 
genic substances, like thyroidectomy, can 
produce similar effects on the hypophysis. 
Thus, they have been reported to increase the 
weight of the pituitary,^® increase and hy- 
pertrophy the basophil cells, and reduce the 
number and size of the eosinophils.^^*^® 

The acidophils of the hypophysis are the 
source of the lactogenic hormone,®-’-^* and 
hence it would be expected that this hormone 
would be reduced followdng thyroidectomy. 
However, the only 2 reports available on this 
subject are not in agreement. iMcQueen- 
Williams reported that thyroparathyroidec- 
tomy in male rats reduced the lactogen con- 
tent of the pituitary,^® whereas Reineke, Berg- 
man and Turner found no apparent change 
in the pituitary content of this hormone fol- 
lowing thyroidectomy in young goats.^® 

It was thought that since thiouracil is simi- 
lar in its effects to thyroidectomy, it would 
offer a considerable advantage in a restudy 

4 X-mes, E. G., Am. J. Physiol, 1946, 143, 411. 
3 Stein, K. F., and Lisle, JI,, Endocrinology, 
1942, 30, 16. 

0 Azimov, G. I., and Altman, A. D., Camptes 
Pendits de I 'Academic dcs Sciences de I’UBSS, 
1938, 20 , 621. 

■ Smelser, G. K., Endocrinology, 1944, 34, 39. 

8 Griesbaeli, W. E., and Purves, H. D., British 
J. Exp. Path., 1945, 26, 13. 

® Severingliaus, A. E., Chap. 19, Sex and Internal 
Secretions, 2nd Edition, 1939. 

10 LeBlond, C. P., and Hoff, H. E., Endocrinol- 
ogy, 1944, 35, 229. 

11 Grieabach, W. E., Brit. J. Exp. Path., 1941, 
*>*> 2 ^ 

1- llacKenzie, C. G., and MacKcnzie, J. B., 
Endocrinology, I 943 , 32 , 185. 

13 Raveno, "W. S., J. Clin. Endocrinology, 1945, 
3, 403. 

W Friedman, M. H., and H.al!, S., doth Annual 
Meeting and Scientific Session, Assn, for the Study 
of Int. Secretions, 1941, p. 10 . 

1-* McQueeu-Williams, IL, Pnoc. Soc. Esp. Biot. 
-VKD Med., 1935, 33, 406. 

lOEeiucke, E, P., Bergman, A. J., and Turner, 
C. W., Endocrinology, 1941, 29, 306. 


of the relation of thyroid deficiency to the 
secretion of hypophyseal lactogenic hormone. 
In the rat it would make unnecessary the 
surgical removal of the thyroids, with the 
inevitable concomitant removal of the para- 
thyroids which creates an additional defi- 
ciency in the animal. It was also considered 
of interest to determine the effects of estro- 
gen in combination with thiouracil on the 
lactogen content of the pituitary. Estrogen 
has been shown to be a poiverful stimulator 
of lactogenic secretion, greatly increasing its 
content in the pituitary, in the blood®® 
and initiating milk secretion in several spe- 
cies.is. 21.22 Would thiouracil inhibit the 
dynamic effect of estrogen on pituitary lacto- 
genic secretion? 

Experimental. The first e.xperiment ran 
for 24 days, and was performed on young fe- 
male albino rats of a standard strain we have 
been using for years. + The control rats 
(Group 1) received no special treatment 
while Group 2 w'as fed a ration containing 
0.1% thiouracill during the 24-day period. 
Group 3 was given 100 I.U. estronet daily 
during the last 10 days of the 24-day period, 
while Group 4 received 0.1% thiouracil for 
the first 14 days, and thiouracil plus 100 I.U. 
estrone daily during the last 10 days of the 
experiment. 

ir Eeece, B. P., and Turner, C. W., JIo. Agr. 
Exp. Sia. Bes. Bull, No. 266, 1937. 

IS Meites, J., and Turner, C. W., Endocrinology, 
1942, 30, 711. 

w Meites, J., and Turner, C. W., Endocrinology, 
1942, 30, 720. 

20 Meites, J., and Turner, C. W., Proc. Soc. Exp. 
Bion. .VSD Med., 1942, 49, 190. 

21 Lewis, A. A., and Turner, C. W., J. Dairy Scl, 
1942, 25, 895. 

22Pollej', S. J., and Malpress, F. H., J. Endo- 
crinology, 1944, 4, 1. 

t We are indebted to Dr. A. G. Hogan, Cliairman 
of the Department of Agricultural Chemistry, Uni- 
versity of Missouri, for a generous supply of 
these rats. 

i We wish to thank Dr. Mark Welsh of the 
Ledcrle Lab., Pearl Eiver, XT., for tlie thiouracil; 
Dr. D. W. MaeCorqnodale of the Abbott Research 
Labs., North Chicago, 111 ., for the estrone; and 
Dr. D, F. Green of Merck and Co., Eahway, N.J., 
for the diethylstilbestrol used in this studv. 
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The second experiment^' ran for 21 days 
and included 3 groups of young male rats 
which had been castrated about 10 days 
earlier. Group 1 served as controls and re- 
ceived subcutaneous injections of .05 cc of 
corn oil daily. Group 2 was given injections 
of 10 /ig of diethylstilbestroll in corn oil 
daily while Group 3 similarly received 10 /ig 
of diethylstilbestrol by injection plus 0.1^ 
thiouracil in the feed daily. 

All the rats were killed by etherization, and 
the pituitaries and thjrroids were removed 
and weighed to the nearest .01 mg. Each 
group of pituitaries was macerated with a 
small mortar and pestle, suspended in an ex- 
act volume of distilled water, and the equiva- 
lent of 2 female or 6 male pituitaries was 
injected intradermally over one side of the 
crop glands of 10 pigeons. Tivo different 
groups of pituitaries were assayed and com- 
pared with each other in the same 10 pigeons 
by injecting over each side of the crop gland. 
The crop glands were rated for lactogen units 
by the Reece-Turner method.^" 

Results. Experiment 1. The lactogenic 
hormone in the pituitaries of the thiouracil- 
treated rats (Group 2) was reduced below 
that in the controls (Group 1), averaging 
4.2 units compared to 6.0 units per 100 g 
body weight. The rats which received estrone 
alone (Group 3) showed a considerable in- 
crease in pituitary lactogen over the controls, 
averaging 9.3 units per 100 g body weight. 
Group 4, which received the same amount 
of estrone but got thiouracil in addition, not 
only showed no increase in lactogenic hormone 
over the control rats but had as little (4.3 
units per 100 g body weight) as in the ani- 
mals treated with thiouracil alone. 

The pituitaries of the thiouracil, and 
thiouracil plus estrone-treated groups were 
definitely heavier than in the control rats, 
both increasing about the same amount per 
100 g of body weight. The thyroids of both 
these groups weighed much more than in the 
controls, but the increase in thyroid weight 

4 This was part of another experiment by V. 
Hurst, J. J. Trentin and tho authors to determine 
tha effects of thiouracil plus estrogen on mammary 
growth. 


was less in the group which received thi- 
ouracil plus estrone. 

Experiment 2. It will be seen that in this 
experiment the lactogen content of the pitui- 
taries of the thiouracil plus stilbestrol-treated 
rats (Group 3) rose just as much above the 
controls (Group 1) as the animals which re- 
ceived stilbestrol alone (Group 2). It must 
be pointed out that the Group 3 rats in this 
e.xperiment do not correspond to the thiouracil 
plus estrone-treated group in the first ex- 
periment. The former received thiouracil and 
estrogen together during the entire 21-day 
period, while the latter got only thiouracil 
for the first 14 days and thiouracil with es- 
trogen during the last 10 days of the 24-day 
period. 

The pituitaries of the rats which were 
given thiouracil plus stilbestrol (Group 3) 
weighed considerably more than the animals 
treated with stilbestrol alone (Group 2) or 
the controls (Group 1). The average thy- 
roid weight of the rats in Group 3 was in- 
creased approximately 5-fold over the con- 
trols. 

Discussion. The reduction in the lactogen 
content of the pituitary following thiouracil 
treatment confirms the results reported by 
McQueen-Williams in thyroparathyroidec- 
tomized rats. This is believed to support the 
contention that the eosinophils, which are de- 
creased following thyroidectomy or goitrogen 
treatment, are the source of lactogenic hor- 
mone. It is interesting that whereas the com- 
bination of thiouracil and estrogen in the first 
e.xperiment did not evoke an increase in 
pituitary lactogen, it did do so in the second 
experiment. It is believed this difference can 
be accounted for in the somewhat different 
procedure followed with the 2 groups. Thus, 
the former received the estrogen only after 
a preliminary treatment with thiouracil for 
2 weeks whereas the latter group received 
thiouracil and estrogen together during the 
entire length of the e.xperiment. It would 
seem that in the first e.xperiment the admin- 
istration of thiouracil alone during a 2-week 
preliminary period reduced the eosinophils 
in the hypophysis to such a low level that 
they were rendered incapable of responding 
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to subsequent estrogen stimulation and hence 
evoked no lactogen increase. In the second 
experiment on the other hand, the simul- 
taneous administration of estrogen with 
thiouracil checked the depressing effect of 
the latter on the eosinophils and enabled the 
estrogen to evoke its normal increase of 
pituitary lactogen. 

The increase in the pituitary weight fol- 
lowing thiouracil treatment corroborates a 
similar report on thiourea-treated rats,^® and 
is in line with the findings in thyroidec- 
tomized animals. The recognized ability of 
estrogen to increase pituitary size was evi- 
dent both in the estrone and diethylstilbestrol- 
injected rats. However, the greatest aug- 
mentation of pituitary weight occurred in the 
rats which received the above estrogens in 
combination with thiouracil. 

Summary. The administration of Q.\o/o 
thiouracil in the feed for 24 days to young 


female rats reduced the lactogenic hormone 
content of the pituitary below that in normal 
rats. The proven ability of estrogen to in- 
crease the lactogen content of the pituitary 
remained unimpaired in rats which were given 
the estrogen together with thiouracil for 21 
days. However, when rats received thiouracil 
alone for a 2-week preliminary period, the 
subsequent administration of estrogen plus 
thiouracil for 10 days failed to maintain even 
the normal level of lactogenic hormone. 

The pituitary and thyroid weights of the 
thiouracil as well as thiouracil plus estrogen- 
treated rats were increased above the nor- 
mal controls. The thyroid hypertrophy in 
the rats which received estrogen and thi- 
ouracil for 10 days following a preliminary 
treatment of thiouracil alone for 2 weeks was 
less than in the rats which received only 
thiouracil for the same period. 
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A Brief Insulin Tolerance Test.* 

G. J. Kronenberg and W. S. McCulloch.1 
From Department of Psychiatry, University of Illinois College of 2Iedicine, Chicago, III. 


Meduna et by determining reducing 

substance (which is predominantly glucose) 
in venous blood at fasting and at 5, 10, IS, 
20, 25, 30, 35, 45, 60, 90 and 120 minutes 
following the injection of 0.1 unit insulin per 
kg body weight, had found that the nadir 
was shallower and later in oneirophrenics than 
in normals, and had observed, in individual, 
normal records, a bump — t.e. a failure to 
fall or actual rise — before the nadir at which 
sympathetic counter-regulation initiates a 

* Aided by a grant from The Josiah Afacy, Jr., 
Foiindation. 

i Tlie autliors wish to express their indebtedness 
for technical .assistance to Aliss Genevieve Mack, 
Edith Laslo, and Miss Ellen Eidley. 

1 Meduna, E. J., and McCulloch, W, S., The 
Medical Clinics of North America, January, 1945. 

aBraceland, Captain F. J., Meduna, L. J., and 
Vaichulis, J. A., Am. J. Psychiatry, 1945, 103, .... 

3 Meduna, L. J., in press. 


rapid rise in blood-sugar peaking about the 
45th minute. He had also found that through- 
out all of these changes the amount of re- 
ducing substances other than glucose was con- 
stant. The present work was begun in 1943 
to increase the certainty of his separation 
and, by samples at the 12 th and 17 th min- 
utes, to define the bump on the descending 
limb and finally, to construct a brief test 
for clinical use. 

On the assumption that the effect of in- 
sulin in lowering the blood-sugar was propor- 
tional to its initial value, Meduna had ex- 
pressed the observed decrease in percent of 
fasting value, and subsequent experience indi- 
cates that this is probably the best expres- 
sion. He used colorimetric determination of 
alkaline ferricyanide reduced by tungstic acid 
filtrates from 0.1 ml of venous blood and 
tte, by chance, gives mean’ fasting values of 
approximately 100 mg %, so that the mean 
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reducing substance of the blood in onciropbrenies (A) and in normals, 
slion-ing early divergence and normal lack of dose sensitivity for tbe first lo 
minutes, •vvitli doses of (B) 1/10, (C> 1/40, and (D) 1/SO uAg. 


TABLE I. 


Subject 

Dose 

15' 

o 

0' 


25' 

30' 

A Oneiropbrenie 

1/10 u/kg 

10.8 c 7.6 

24.3 

5 0.8 

27.6 

c 4.4 

29.S 

re S.9 

B Normals 

1/10 ’» 

37.6 0 10.1 

4S.4 

c 9.5 

50.6 

(j s.s 

51.7 

re 9.2 

C ” 

1/40 ” 

36.8 a 9.3 

3S.S 

(7 9.0 

39.8 

<7 9.0 

33.5 

(7 9.6 

D ’> 

1/80 ” 

33.0 (7 7.0 

36.3 

<; 7,S 

37.8 

(7 < .6 

29.0 

a 6.9 



t p 

t 

P 

t 

p 

t 

P 

•AB 

Fisher’s t 

7.75 <.01 

8.2 

<.01 

7.0 

<.01 

8.1 

<.01 

AC 

and prob. 

7.5 <.01 







AD 


6.87 <.01 






, 


fall in percent of fasting is approximately 
equal to the mean fall in mg %. The present 
data was obtained and charted by his meth- 
ods. 

The following curves are based on the first 
20 to 25 cases in which the diagnosis of the 
patient was certain, the health of the control 
assured, the technic faultless and the data 
available for computation at the time this 
rnaterial was organized. Cursory e.xamina- 
tion of more than 300 records has indicated 
no important exceptions. 

Fig. lA is based on Meduna’s data and 
shows the mean blood-sugar level at various 
timK during the first 45 minutes after in- 
jection of 0.1 unit insulin per kg body weight 
mhis first 21 reported tests of oneirophrenics. 
Fig. 1, B, C, and D are the same for healthy 


controls receirdng that standard dose and }i 
and J-s of it respectively. These 3 normal 
curves are similar for the first 15 minutes 
and all fall far faster than the oneirophrenic 
at that time. 

Table I gives the mean falls, the standard 
deviations, Fisher’s “t” and the probability 
that the difference between the means is due 
to chance at the 15th, 20th, 25th and 30th 
minutes. From this it is clear that oneiro- 
phrenics differ significantly from normals 
through the 30th minute after which normals 
rise while some oneirophrenics continue to 
descend. 

Table I also shows the lack of any reliable 
difference between the 3 groups of controls 
during the first 15 minutes, indicating that 
the rate of fall is independent of the dose 
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Fio. 2. 


Dose Sensitivity iu Aetomegaly. Insulin tolerance curves in % fall of 
reducing substances of blood after 0.1 u/kg showing resistance but rapid fall 
and spike on dcseendhig limb after 0.4 u/kg. 


which yet determines the nadir. 

Finally, Table I shows that at the 15th 
minute the differences between oneirophrenics 
and normals receiving as much insulin is 
still significant. In a few cases we have 
given 8 times the dose to oneirophrenics and 
found that, though it made the blood-sugar 
fall farther, it fell no faster. Obviously, 
therefore, in a clinical test one should use the 
early part of the test where a gross error in 
dose is insignificant. 

Of many nondiabetic, medical and surgical 
conditions tested for increased resistance to 
insulin only one group of malignant hyper- 
tensives and the progressive acromegalic have 
shown resistance. The latter (Fig. 2) are 
interesting because the resistance can be e.^- 
ceeded by increasing the dose and then there 
may appear an exaggeration of the bump on 
the descending limb. Similar exaggerations 
have appeared following sundry operations on 
the brain. 

The time at which this upward inflection 
occurs varies from the 1 2 th to the 17 th min- 
ute. A third of the bumps are actual spikes, 
a third are levels and a third are only de- 
creased rates before the final, fast drop to 


the nadir. It is absent in less than one-tenth 
of normals and one-third of oneirophrenics, 
but it is frequently missed with S-minute 
sampling and its temporal scatter averages 
it out in the mean curve except with the 
smallest dose. The mean value of the dif- 
ference between the preceding and subsequent 
low and the mean highest value of the bump 
e.xceeds twice the mean error of the method 
and hence the probability that the bump is 
due to chance is negligible. 

It is an increment in glucose. It is pres- 
ent in arterial blood. It occurs with all va- 
rieties of American insulin and with Danish 
insulin having no hyperglycemic factor. It 
is present in diabetis mellitus, Addison’s dis- 
ease, malignant hypertension, and after sun- 
dry insults to the brain. It is not prevented 
■by terror or atropine, by sympathectomy or 
supradiaphragmatic vagotomy, fay advanced 
disease of the liver or by splenectomy. It is 
not preceded or accompanied by any signs 
of autonomic change in EEG, EKG, blood 
pressure, respiration, pupillary diameter or 
dorsal skin potential. Presumably it is due 
to some as yet undiscovered mechanism coun- 
teracting some effect of insulin. Fortunately 




Brief Insulin Tolerance Test 


495 


to' 



PiQ. 3. 

Seattergram for TTse ivith Brief Insulin Tolerance Test. Seattergraiu of 
oneirophrenic, 0, and normal, S, % fall from fasting of reducing substances of 
the blood. 


It is not violent enough to prevent separa- 
tion of oneirophrenics from normals. 

Although in a given normal the blood-sugar 
may fall as fast and as far with an 80th as 
with a 10th unit insulin per kg body weight, 
the signs of so-called ' hypoglycemic shock — 
faintness, trembling, sweating, cardiac accel- 
eration, and pupillary dilation — are minimal 
or absent. This would incline one to use 
the smaller dose, but as the law forbids sale 
of insulin at less than 20 units per cc one 
has to make up fresh sterile solutions for 
measurable doses, and many neurotics are re- 
sistant to it though they react normally to 
the regular dose. As the separation between 
oneirophrenics and normals is equally certain 
from the 15th through the 30th minute, only 
time is conserved by early sampling; but at 
the 15th minute the blood-sugar is falling 
5 mg per minute in the normal which means 
tliat the timing must be accurate and venous 
return unobstructed. It is easier to note the 
e.vact time at which a sample is dra'wn than 
to draw it at a prescribed moment. 

The following procedure, therefore, is rec- 
ommended. The fasting sample is taken, 
then 0.1 unjt insulin per kg body weight is 


injected intravenously. One or two samples 
are then taken between the 15th and 30th 
minutes and the time noted accurately. The 
patient may then be given sugar if desired. 
The total reducing substance is determined 
in each sample as noted above. If the fast- 
ing value differs significantly from 100 mg %, 
the falls are expressed in per cent of fasting; 
if not, they are left as mg %. Any such 
fall from fasting and the time after injection 
of insulin can then be compared with Fig. 3. 
This is a scattergram showing the distribution 
of oneirophrenics and normals on which is 
drawn one line running through those points 
at which a given value is as likely to be found 
in an oneirophrenic as in a normal. Inasmuch 
as the overlapping of the scattergrams 
is due to different mechanisms in the begin- 
ning and end of this interval, and no in- 
dividual curves have been found to have more 
than one point across the line, 2 samples on 
either side of the line enhance the certainty 
of diagnosis. The chance of an erroneous 
diagnosis is, in fact, less than the product of 
chances for the 2 separately. 

Summary. For the first 15 minutes the 
rate of fall in reducing substances in the blood 



496 


Tseatjient of Leukemia with Thiouracil 


expressed in per cent of fasting value is not 
much affected by decreasing the size of the 
intravenous dose of insulin below 0.1 u/kg 
or by increasing it in oneirophrenics. At IS 
minutes the separation is statistically valid 
despite a bump of unknoivn significance on 


this descending limb of the curve. Therefore, 
it is possible, in patients suspected of oneiro- 
phrenia, to estimate the resistance to insulin 
with a statistical validity as great as can 
be obtained from much longer tests. 
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Thiouracil in the Treatment of Leukemia. 

O. C. Hansen-Pross. (Introduced by W. A. Perlzweig.) 

From the Department of Medicine, DuTcc Vniversiiy Medical School. 


It has been observed that patients with 
leukemia may show many of the clinical fea- 
tures of hyperthyroidism, such as nervous- 
ness, tachycardia, decreased cholesterol in the 
blood, and increased metabolic rate. Tem- 
porary improvement may result from the 
rational use of Lugol’s solution.^"® 

During the past 15 years, 175 patients 
with various types of leukemia have been 
studied in this clinic. The disease remained 
stationary or progressed slowly as long as 
the cholesterol level was above ISO mg %, 
but progressed rapidly when the cholesterol 
values fell below 100 mg %. 

The cholesterol levels appeared to be in- 
fluenced by the absolute number of extreme- 
ly immature forms and not by the total num- 
ber of circulating leukocytes. The choles- 
terol levels decreased as the number of im- 
mature forms increased, but in one group of 
1 S patients who progressed rapidly to a fatal 
end, with extensive systemic and visceral 
myeloblastic proliferation, the total counts 
were slightly elevated, normal or reduced, 
and the absolute number of myeloblasts small, 
yet the cholesterol levels were constantly be- 
low 100 mg fo- 

In remissions induced by X-ray therapy, 
the serum cholesterol values were uniformly 

1 Friedgood, H. B., Aei, J. Med. Sc., 1932, 183, 
515 

2 Williams, B. H., and Bissel, G. W., New Eng. 

J. Med., 1943, 2S9, 97- 

3 Atwood, E. B., J. A. M. A., 1943, 133, 78. 


above 150 mg %, and as the patients became 
resistant to the X-ray, the cholesterol levels 
fell. 

There was no constant relationship be- 
tween the basal metabolic rate, the serum 
cholesterol values and the prognosis. 

It seemed desirable to determine whetner 
the administration of thiouracil would in- 
crease the serum cholesterol levels and im- 
prove the patient's symptoms. 

Case 1. S.K., white female, age 29 years 
with chronic myelogenous leukemia. The 
disease was apparently in its second year 
when it was recognized in 1940. Between 
October 1940 and June 1945, she received 
several series of X-ray treatments. These 
were given by spray and locally over the 
spleen. (These treatments totalled 1100 R. 
by spray and 1950 R. over the spleen). She 
experienced several striking clinical and 
hematological remissions. The last X-ray 
treatment was on June 5, 1945. The subse- 
quent events are summarized in Table I. 

This patient received 1.5 g of thiouracil 
a day over a period of 60 days, or a total of 
90 g. She tolerated the drug quite well. She 
had an irregular, intermittent fever which was 
present before the administration of thiouradl 
was begun and persisted thereafter. At first, 
she seemed clinically improved; she felt 
stronger and the hemoglobin and red cell 
levels rose temporarily. The circulating 
leucocyte count fell precipitately during the 
first 24 hours after ie drug was given, but 
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there %vas no corresponding quantitative 
change in the bone marrow. Furthermore, 
there was no appreciable change in the 
maturation pace of the bone marrow elements. 
The drug did not affect decisively the red 
cells, hemoglobin or platelets. The basal 
metabolic rate did not fall to any important 
extent and the cholesterol level did not 
change. She grew gradually worse, lost 
weight, became steadily weaker and the spleen 
enlarged progressively and rapidly. In mid- 
November, she developed purpura (platelet 
count 100,000) . It is obvious that thiouracil 
had failed to decrease the myeloid hyper- 
function and leukocytosis and to influence 
the rate and degree of maturation of the 
myeloid elements. The patient became re- 
sistant to X-ray therapy, failed rapidly and 
died 7 months later. 

Case 2. D.C.L., white female, age 49 
years. Chronic myelogenous leukemia diag- 
nosed in 1941. Between July 1941 j^nd July 
1943 she received a series of X-ray treat- 
ments by spray and over the spleen. (A to- 
tal of 1150 R. over the spleen and 350 R. 
by spray). The induced hematological and 
clinical remissions were satisfactory. The 
last X-ray treatment before thiouracil was 
given on January 11, 1945. The subsequent 
developments are shown in Table II. 

This patient received a total of 26.7 g of 
thiouracil in 15 days. She tolerated the drug 
quite well and remained afebrile. There was 
no significant quantitative or qualitative 
change in the peripheral white blood cell pic- 
ture or in the bone marrow pattern. The 
red cell count and hemoglobin value remained 
unchanged throughout the period of observa- 
tion. There was no demonstrable increase 
or depression of red cell formation, nor the 
platelets influenced. It is apparent that 
thiouracil, in this patient, failed to depress 
the basal metabolic rate since at the end of 
the second week the basal metabolic rate had 
risen to -f47% and the serum cholesterol 
had fallen materially. .A. partial remission in 
the disease was induced by X-ray treatments 
later on. 

Case 3. B.E.D., white male, age 27 years, 
suffering from myelogenous leukemia of 3 



TABLE II. 

Negative Efeect of Tliiouvacil on Total White Oount in Myelogenous Leukemia. 
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years duration. He had received a series of 
X-ray treatments with temporary improve- 
ment. The last X-ray treatment was given 
in December 1944, 8 months before thiouracil 
was tried. (A total of 1350 R. by spray and 
1075 R. over the spleen). The result of 
thiouracil treatment is summarized in Table 
III. 

It is obvious that thiouracil did not affect 
the total circulating white cell mass, the bone 
marrow pattern, the basal metabolic rate or 
the serum cholesterol. The erythroblastic 
system was not influenced. This patient’s 
high basophile count was probably due to 
the prolonged X-ray treatments. Thiouracil, 
again, did not influence the hemoglobin, red 
cell or platelet values. This patient expired 
two weeks later with profuse internal and ex- 
ternal hemorrhages. 

Case 4. E.iSI.G., white female, age 40 
years. This patient had noticed repeated 
bleeding into the skin, from the gums, and a 
progressive abdominal discomfort over a peri- 
od of one year. She was admitted to the 
surgical service and the disease was recog- 
nized as chronic myelogenous leukemia with 
striking splenomegaly. She received a series 
of X-ray treatments by the spray method 
and over the spleen. (Spray 100 R.; spleen 
450 R.) Since she had not received any 
previous treatments, the patient was consid- 
ered a suitable subject to test the effect of 
thiouracil on the X-ray-induced remission in 
myelogenous leukemia. These observations 
are shown in Table TV. 

It is apparent that thiouracil did not pro- 
long or modify the X-ray-induced remission. 
She received 359.3 g of the drug in 10 months. 
The variations in the metabolic rate and se- 
rum cholesterol are rather striking, but in- 
conclusive. 

Two other patients with chronic myelogen- 
ous leukemia were given thiouracil to test 
the effect of this drug on X-ray-induced re- 
missions. The results were analogous to that 
described above. It is obvious that thiouracil 
does not prolong or modify the remissions in- 
duced by X-ray treatments. 

Thiouracil was given to one patient with 
an untreated myeloblastic leukemia. He re- 
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ceived l.S g a day. There was no change 
in the peripheral white cell picture, qualita- 
tively or quantitatively, nor did the bone 
marrow pattern change. This patient- expired 
on the 15th hospital day of thiouracil treat- 
ment. 

Discussion and Conclusions. Thiouracil 
was administered to 6 patients with chronic 
myelogenous leukemia, and to one patient 
with an acute myeloblastic leukemia. The 
dosage averaged l.S g a day and was well 
tolerated by every patient. One patient 
(case 4) received a total of 359.3 g of the 
drug over a 10-month period. The drug had 
no effect on the total circulating white count, 
nor on the differential white cell picture, red 
cell elements, hemoglobin or platelet values 
or the bone marrow pattern. 

Recently, and after completion of this 
study, one observer reported that he had 
tried thiouracil in doses of 3 mg daily in a 
patient with myelogenous leukemia without 
appreciable results.'* 

•iLimarzi, L. E., Kulasavage, E. J., and Pirani, 
0. I/., <7. Sent. (ShodJ, 1946, 1, 420. 


Thiouracil did not influence the metabolic 
rate' of leukemic patients materially when 
given in a dose of 1.5 g daily. This was 
true whether it was administered over a peri- 
od of 2 weeks, 2 months or 10 months. The 
serum cholesterol rose in only 2 patients 
(cases 2 and 4), and this rise was only 
transitory. In one patient (case 3) the serum 
cholesterol continued to fall, the basal rate 
steadily rose despite the administration of 
thiouracil. In one patient reported (case 4), 
and in 2 others, this drug failed to prolong 
or modify the remission induced by irradia- 
tion. Thiouracil given in the dosage reported 
in this series had no demonstrable effect on 
the myeloid dysfunction, basal metabolic 
rate, the serum cholesterol level or the bone 
marrow pattern of patients with myelogenous 
leukemia. 

Thiouracil, furthermore, did not modify 
the clinical course of the disease. It seems 
certain therefore, that this drug has no value 
as an adjunct in the treatment of myelogenous 
leukemia. 
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Effects of Liver Feeding on Growth and Ovarian Development in the 

Hyperthyroid Rat.* 


Benjamin H. Ershoff. 

From the Emory If. Thurston Lahoratories, Los Angeles, California. 


It has been demonstrated that excessive 
doses of thyro.xin or desiccated thyroid cause 
anestrus and loss of body and ovarian weight 
in the adult rat and prevent gonadal develop- 
ment in the young animal. The deleterious 
effects in the adult rat according to Drill 

* Tii 0 subject matter of this p.iper has been 
undertaken in cooperation with the Committee on 
Pood Eesearch of the Quartermaster Pood and 
Container Institute for the Armed Forces. The 
opiiuous or conclusions contained in this report are 
those of the author. They are not to be construed 
as necessarily reflecting the views or indorsement 
of the War Department. 


et al.^ can be prevented by the administra- 
tion of increased amounts of thiamine or 
yeast. Such nutrients are ivithout effect, 
however, in the young animal." It appears, 
therefore, either (1) that the young rat is 
more susceptible to the toxic effects of thy- 
roid insofar as gonadal physiology is con- 
cerned or (2) that excessive thyroid feeding 
may precipitate a deficiency of some nutrient 
other than the above necessary for gonadal 
development in the immature rat. In the 

1 J>rm, T. A., Overman, B., .and Leathern, J. H., 

Endocrinology, 1943, 33, 327. ^ - oia 

2 Ershoff, B. H., Endocrinology, 1945, 37, -is. 
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present experiment attempts were made to 
prevent by dietary means the failure of 
ovarian development in the immature thy- 
roid-fed rat. 

Procedure and Results. Three basal ra- 
tions were employed in the present experi- 
ment; diets A, B and C. Diet A was a 
purified ration containing the B complex 
factors in synthetic form only. Diets B and 
C were similar in composition but contained 
yeast or desiccated liver in addition to the 
synthetic vitamins. .All 3 rations were sup- 
plemented with 0.0 and 0.5% U.S.P. desic- 
cated thyroid. Seventy-eight female rats of 
the Long-Evans strain were weaned at 21 to 
23 days of age and litter mates divided as 
far as possible among the experimental groups 
listed in Table I. Animals were kept in 
metal cages with raised screen bottoms to pre- 
vent access to feces, and sufficient food was 
administered to assure ad lib feeding. Sub- 
sequent to the 40th day of feeding, vaginal 
smears were taken daily of all rats. Sur- 
viving animals were autopsied on the 60th 
day of feeding; ovaries were weighed and 
fixed in 10% formol, and sections prepared 
and stained with hematoxylin and eosin. 

Results are summarized in Table II. In 
agreement with earlier findings* the mortali- 
ty rate of thyroid-fed rats was greater on 
the synthetic diet than on rations containing 
yeast. Diets containing liver were similarly 
effective in prolonging survival. A signifi- 
cant difference in body and gonadal weight 
was observed in thyroid-fed rats on the vari- 
ous diets employed. On diets A and B both 
body and ovarian weight was significantly 
less in thyroid-fed rats than in animals fed 
a similar diet with th 3 rroid omitted; and 
ovaries of the thyroid-fed animals resembled 
in microscopic appearance those of the im- 
mature rat. On diet C, however, no sig- 
nificant differences in body and gonadal 
weight were observed between animals fed 
thyroid and those on a thyroid-free ration; 
and histologically the ovaries of thyroid-fed 
rats appeared normal in all respects. In the 
absence of dietary thyroid body and ovarian 
weights did not differ significantly on any 
of the diets employed; and histologically 
ovaries appeared normal in all groups. Data 


T-tBLE I. 


Composition of Experimental Diets. 


Dietary component 

Diet A 

DietB 

Diet C 

Yeast* 

0.0 

10.0 

0.0 

Divert 

0.0 

0,0 

10.0 

Vitamin Test Caseint 

22.0 

22.0 

22.0 

Salt Mixture^ 

•i.5 

4.5 

4.5 

Sucrose 

73.5 

63.5 

63.5 


When thyroid w.as fed it was included in the 
above diets at a level of 0.5%, replacing an equal 
amount of suerose.li 

To each kg of the above diets were added the 
following synthetic vitamins; thiamine hydro- 
cliloride 72 mg, riboflavin 9 mg, pyrido-xine hydro- 
cbloride 15 mg, calcium pantothenate 67.2 mg, 
nicotinic acid 60 mg, 2-metbyl-naptliaquinone 5 mg, 
and choline chloride 1.2 g. Each rat also received 
3 times weekly the following supplement; cotton- 
seed oil (Wesson) 500 mg, alpha-tocopherol 1 mg, 
and a vitamin A-D concentrate^) containing 50 
U.S.P. units of vitamin A and 5 U.S.P. units of 
vitamin D. ■ 

* Brewer’s Type Yeast No. 200, .Ynheuser- 
Busch, Inc., St. Louis, AIo. 

1 Whole Dried Liver Powder, Armour and Co., 
Chicago, m. 

; Vitamin Test Casein, General Biochemicals, 
Inc., Chagrin Falls, Ohio. 

^ Snre’s Salt liExtnre No. 1.3 

I! Thyroid Powder, U.S.P., .\rmour and Co., 
Cldcago, DJ. 

^ Nopco Pish Oil Concentrate, .assaying 800,000 
U.S.P. units of vitamin A and 80,000 U.S.P. units 
of vitamin D per gram. 

obtained from vaginal smears check with the 
above findings. On diets A and B thyroid- 
fed rats exhibited constant leucocytic smears 
subsequent to the 40th day of feeding in 
contrast to the regular estrus cycles obtained 
on diet C. In the absence of dietary thyroid 
estrus cycles were regular on all diets. Sub- 
sequent work indicates that the ovaries of 
thyroid-fed rats raised to maturity on diet 
C were normal functionally as well as his- 
tologically. When bred to normal males af- 
ter the 60th day of feeding, such animals 
while still on the same diet gave birth to 
apparently normal young. 

.Available data indicate that the factor in 
liver responsible for the above effects is not 
one of the major B vitamins. Doubling the 
B vitamin content of diet .A was without sig- 
nificant effect on the body or gonadal weight 
of thyroid-fed rats. Individual supplements 

3 Sure, B., J". Yutn'don, 1941, 22, 499. 

■lErshofl, B. H., and Hershberg, D., Aw. J. 
Phy.tiol, 1945, 14o, 16. 
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ceived l.S g a day. There was no change 
in the peripheral white cell picture, qualita- 
tively or quantitatively, nor did the bone 
marrow pattern change. This patient- expired 
on the ISth hospital day of thiouracil treat- 
ment. 

Discussion and Conclusions. Thiouracil 
was administered to 6 patients with chronic 
myelogenous leukemia, and to one patient 
with an acute myeloblastic leukemia. The 
dosage averaged l.S g a day and was well 
tolerated by every patient. One patient 
(case 4) received a total of 359.3 g of the 
drug over a 10-month period. The drug had 
no effect on the total circulating white count, 
nor on the differential white cell picture, red 
cell elements, hemoglobin or platelet values 
or the bone marrow pattern. 

Recently, and after completion of this 
study, one observer reported that he had 
tried thiouracil in doses of 3 mg daily in a 
patient with myelogenous leukemia without 
appreciable results.^ 

•1 Liniarzi, L. E., Kulasavage, B. J., and Pirani, 
0. L., J. Bern. (Blood), 1946, 1 , 420. 


Thiouracil did not influence the metabolic 
rate' of leukemic patients materially when 
given in a dose of 1.5 g daily. This was 
true whether it was administered over a peri- 
od of 2 weeks, 2 months or 10 months. The 
serum cholesterol rose in only 2 patients 
(cases 2 and 4), and this rise was only 
transitory. In one patient (case 3) the serum 
cholesterol continued to fall, the basal rate 
steadily rose despite the administration of 
thiouracil. In one patient reported (case 4), 
and in 2 others, this drug failed to prolong 
or modify the remission induced by irradia- 
tion. Thiouracil given in the dosage reported 
in this series had no demonstrable effect on 
the myeloid dysfunction, basal metabolic 
rate, the serum cholesterol level or the bone 
marrow pattern of patients with myelogenous 
leukemia. 

Thiouracil, furthermore, did not modify 
the clinical course of the disease. It seems 
certain therefore, that this drug has no value 
as an adjunct in the treatment of myelogenous 
leukemia. 
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Effects of Liver Feeding on Growth and Ovarian Development in the 

Hyperthyroid Rat.* 


Benjamin H. Ershoff. 

From the Emory W. Thurston LaVoratorics, Los Angeles, California. 


It has been demonstrated that e.xcessive 
doses of thyroxin or desiccated thyroid cause 
anestrus and loss of body and ovarian weight 
in the adult rat and prevent gonadal develop- 
ment in the young animal. The deleterious 
effects in the adult rat according to Drill 


*Tho subject matter of this paper li.os been 
undertaken in cooperation mth the Committee on 
Pood Keseareli of the Quartermaster Pood and 
Container Institute for the Armed Forces. The 
opinions or conclusions contained in this report are 
those of the author. They are not to be construed 
as necessarily reflecting the views or indorsement 
of the War Department. 


et al.^ can be prevented by the administra- 
tion of increased amounts of thiamine or 
yeast. Such nutrients are without effect, 
however, in the young animal." It appears, 
therefore, either (1) that the young rat is 
more susceptible to the toxic effects of thy- 
roid insofar as gonadal physiology is con- 
cerned or (2) that e.xcessive thyroid feeding 
may precipitate a deficiency of some nutrient 
other than the above necessary for gonadal 
development in the immature rat. In t c 

1 Drill, V. A., Overman, B., and Deathcni, J. H., 
Endocrinology, 1943, 33, 327. _ „ 

2 Ershoff, B. H., Endocrinology, 1945, 3«, - • 
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present experiment attempts were made to 
prevent by dietary means the failure of 
ovarian development in the immature thy- 
roid-fed rat. 

Procedure and Results. Three basal ra- 
tions were employed in the present experi- 
ment: diets A, B and C. Diet A was a 
purified ration containing the B complex 
factors in synthetic form only. Diets B and 
C were similar in composition but contained 
}’east or desiccated liver in addition to the 
synthetic vitamins. All 3 rations were sup- 
plemented with 0.0 and 0.5% U.S.P. desic- 
cated thyroid. Seventy-eight female rats of 
the Long-Evans strain were weaned at 21 to 
23 days of age and litter mates divided as 
far as possible among the experimental groups 
listed in Table I. Animals were kept in 
metal cages with raised screen bottoms to pre- 
vent access to feces, and sufficient food was 
administered to assure ad lib feeding. Sub- 
sequent to the 40th day of feeding, vaginal 
smears were taken daily of all rats. Sur- 
viving animals were autopsied on the 60th 
day of feeding; ovaries were weighed and 
fixed in 10% formol, and sections prepared 
and stained wdth hematoxylin and eosin. 

Results are summarized in Table II. In 
agreement with earlier findings* the mortali- 
ty rate of thyroid-fed rats was greater on 
the synthetic diet than on rations containing 
yeast. Diets containing liver were similarly 
effective in prolonging survival. A signifi- 
cant difference in body and gonadal wmight 
was observed in thyroid-fed rats on the vari- 
ous diets employed. On diets A and B both 
body and ovarian weight W'as significantly 
less in thyroid-fed rats than in animals fed 
a similar diet with thyroid omitted; and 
ovaries of the thyroid-fed animals resembled 
in microscopic appearance those of the im- 
mature rat. On diet C, however, no sig- 
nificant differences in body and °onadal 
weight were observed between aninmls fed 
thyroid and those on a thyroid-free ration- 
and histologically the ovaries of thyToid-fed 
rats appeared normal in all respects In th 
absence of dietary thyrc'-' ^ 

weights did not differ 
of the diets employed 
ovaries appeared normal 


significandy 

\ and histol 
in all groups 


TABLE I. 


Composition of Experimental Diets. 


Dietary component 

Diet A 

DietB 

Diet C 

Teast* 

. 0.0 

10.0 

0.0 

Liver t 

0.0 

0.0 

10.0 

Vitaniiu Test Caseiut 

22.0 

22,0 

22.0 

Salt MixtureJ 

4.5 

-1.5 

4.5 

Sucrose 

73.5 

63.5 

63.0 


When tliyroid w,as fed it was included in the 
above diets at a level of 0.5%, replacing an equal 
amount of sacrose.il 

To each kg of the above diets were added the 
following synthetic vitamins: thiamine hydro- 
chloride 72 mg, riboflavin 9 mg, pyridosine hydro- 
chloride 15 mg, calcium pantothenate 07.2 mg, 
nicotinic acid 60 mg, 2-methyI-napthaquiuone 5 mg, 
and choline chloride 1.2 g. Each rat also received 
3 times weekly the following supplement; cotton- 
seed oil (tVcsson) 500 mg, alpha-tocopherol 1 mg, 
.-uid .a vitamin A-I) concentrate^ containing 50 
t).S.P. units of vitamin A and 5 E.S.P, units of 
vitamin D. ■ 


* Brewer’s Type Teast No. 200, Anheuser- 
Busch, Inc., St. Louis, ITo. 

t Whole Bried Liver Powder, Armour and Co 
Chicago, in. ’’ 


» ueuerai rjiocneniic,lls 

Inc,, Chagrin Palls, Ohio. ' 

j Sure’s Salt Mixture No. 1 3 
« Thyroid Powder, E.S.P., Armour and Co. 
Chicago, HI. ’ 

^ Nopco Pish Oil Concentrate, assaying 800,000 
l-.b.P. units of vitamin A and 80,000 U.S.P. units 
of vxtuiiuu D per grniH, 


— smears cneck yfiih the 
above findings. On diets A and B thyroid- 
fed rats exhibited constant leucocvtic smears 
subsequent to the 40th day of'feedin- in 
regular estrus cycles obtained 
on diet C. In the absence of dietary thyroid 
eatrus cycles were regular on all diets. Sub- 
indiates that the ovaries of 
yroi -fed rats raised to maturity on diet 
C were normal functionally' as we’lI as his- 

wane iiiu on the same diet <rave hhth i 

apparently normal youncr “ ° ^ ^ 

Bv-i^'cSentm'dkrT' 

nificant effect nn tv, w j wthout sig- 
of thjToid-fed rats ^ Inff-'-IT 

supplements 

Hershberg, D., 
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, TABLE II. 

Etteets ot Thyroid Feeding on Body and Gonadal Weight. 


Avg body wt 


ti, • 1 ^ 'initial ' On 60th feeding day* ovarJi? wt' 

group thyroid animals g g mg 


A 

.5 


20 

43.7 

116.5 i 6.7 

23.6 -1- 2.2 

B 

.5 


20 

42.9 

(^) 

133.5 ± 7.8 

27.8 4.1 

C 

.5 


20 


(14) 


b 

43.3 

202.3 ± 8.1 
(15) 

72.3 ± 7.1 


.0 

6 

A 


42.7 

198.7 ± 4.1 

53.1 3.3 

B 

.0 




(6) 



6 

43.1 

186.6 -+- 6.7 
(6) 

197.5 -+- 4.4 

56.8 ± 4.7 

C 

.0 


0 

42.7 

59.4 ± 5.1 






(6) 



The values iu parentheses indicate the number of animals ivliieli survived of wliich this is 


an average. 

* Including standard error of the mean calculated as follows: jed^ / 

V“ 

where “d” is the deviation from the mean and “n” is the number of observations. 


of thiamine, riboflavin, pyridoxine, calcium 
pantothenate, nicotinic acid, inositol, /i-amino- 
benzoic acid, biotin or folic acid were simi- 
larly ineffective.! Doubling the salt con- 
tent of diet A or administering an additional 
10% casein or 10% wheat germf at the ex- 
pense of an equal amount of sucrose were also 
without effect. Only liver of all substances 
tested gave a positive response in the thyroid- 
fed rat. Preliminary results indicate that 

t Supplements were added to diet A in the 
following amounts per kg of diet : thiamine hydro- 
chloride 3.6 g, riboflavin 450 mg, pyridoxine hydro- 
chloride 750 mg, calcium pantothenate 3.36 g, nico- 
tinic acid 3.0 g, inositol 10.0 g, p-aminobenzoic 
acid 10.0 g, biotin 1.0 mg, and folic acid 10.0 mg. 
We are indebted to Dr. Stanton M. Hardy of the 
Lederle Laboratories, Pearl Biver, New York, for 
the folic acid employed in the present experiment. 
The remaining B vitamins were obtained from 
Merck and Co., Bahway, N.J. 

Subsequent work indicates that individual supple- 
ments of ascorbic acid and the fat-soluble vitamins 
were also ineffective. These were added to diet A 
in the following amounts per kg of diet: ascorbic 
acid 10 g, vitamin A 100,000 H.S.P. units, vitamin 
H 25,000 U.S.P, units, and 2-methyl-uapthaquinonc 
100 mg. Alpha-tocopherol was administered as a 
daily supplement at a level of 5 mg per rat. 

t Defatted Wheat Germ, Vio-bin Corporation, 
Monticello, IB. 


the factor in liver responsible for the above 
effects is heat stabile. 

Discussion. Evidence is accumulating that 
in addition to the major nutrients, substances 
are present in our diet which may be required 
in increased quantities during conditions of 
stress. Such factors are apparently dispensa- 
ble under normal conditions or their require- 
ments are so small they may readily be met 
by amounts present in the diet or through 
the synthetic activity of the intestinal flora 
or the animals’ own tissues. Certain drugs 
or other “stress factors” may, however, in- 
crease requirements for these substances to 
the extent that deficiencies occur, manifest 
by retarded growth or tissue pathology, and 
preventable by the administration in appro- 
priate amounts of the missing nutrient. 
Present findings indicate that thyroid feed- 
ing is such a factor. Although liver did not 
counteract other manifestations of hyperthy- 
roidism, such as a hypertrophied ventricular 
wall, reduction in the creatine content of the 
heart or an increased B.M.R.,'’ it did counter- 
act completely the retardation of growth and 
inhibition of ovarian development observed 
on all other rations when thyroid was fed. 
Findings indicate that liver contains an or- 

a Ershoff, B. H., in press. 
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ganic factor other than thiamine, riboflavin, 
pyridoxine, calcium pantothenate, nicotinic 
acid, inositol, p-aminobenzoic acid, biotin or 
folic acid, a substance not present in sig- 
nificant amounts in wheat germ, casein or 
yeast, but required for normal growth and 
ovarian development in the immature thy- 
roid-fed rat. 

Summary. The administration of liver 
completely counteracted the retardation of 
growth and inhibition of ovarian development 


observed in immature rats fed toxic amounts 
of thyroid. Wheat germ, yeast, or increased 
amounts of salt mixture, casein, thiamine, 
riboflavin, pyridoxine, calcium pantothenate, 
nicotinic acid, inositol, p-aminobenzoic acid, 
biotin or folic acid were ineffective in this 
regard. The suggestion is made that liver 
contains some factor other than the above 
required for normal growth and ovarian de- 
velopment in the immature thyroid-fed rat. 


15842 

Some Pharmacological Characteristics of Bacitracin.’* 

John V. Scum and William Antopol. 

Jroni the Department of Pharmacology, College of Physicians ajid Snrgeons, Columiia Univer- 
sity, Hew 'Sor'k, and the Division of Lahoratories, yewarh Beth Israel Bospilal, NewarTc, J. 


Bacitracin, an antibiotic discovered by 
ileleney and co-workers^ in the filtrate of 
surface cultures of the Tracy strain of B. 
subtilis, has become of increasing interest, 
particularly because of its potential value in 
the treatment of penicillin-resistant infec- 
tions. Because of this increased interest, the 
following preliminary data on the toxicolog- 
ical and pharmacological properties of the 
antibiotic are presented. 

Acute toxicity experiments. Fresh baci- 
tracin* solutions used for oral and intraperi- 
toneal administration contained the dose in 
1 cc of water; solutions for intravenous and 
subcutaneous injections contained the dose 
in 0.25 to 0.50 cc per 20 g of mouse, or 50 g 
of rat. .\U samples gave clear solutions at 
pH 6 to 7 e.xcept No. 187, which dissolved 
at pH values of 5 to 6, For oral or sub- 
cutaneous administration, fine suspensions 

The ^York described in this paper was done 
■uidcT a contract between the Office of the Surgeon 
General and Columbia 'CTuivcrsity. Administration 
of the contract was directed by Dr. Frank L. 
^eleney. 

1 Johnson, B. A., Anker, H., and ileleney, F. L., 

Science, 1945^ loa, 376, 

t "Wo aro indebted to Dr, John T. Goorley of the 
Ben Venue Lahoratories for the bacitracin. 


were administered because of the large doses 
required. Solutions of earlier samples of 
bacitracin were brown, but more highly puri- 
fied later samples, illustrated by No. B-lOO, 
were almost colorless. 

Experiments were performed ivith male, 
white, Rockland Swiss mice weighing 20 to 
25 g, and male white rats of the Sherman 
strain maintained on a stock diet with free 
access to food and water at all times. Sur- 
viving animals were observed for a period of 
at least 7 days after acute or chronic dosing. 

Results of the acute toxicity experiments 
are shown in Table I. Comparison of the 
first 4 samples, all administered intraperi- 
toneally, indicates that the toxicity varies in- 
dependently of the activity. (The fourth 
sample, No. B-lOO, is much less to.xic than 
the other 3 and is representative of the 
batches now being produced). In this con- 
nection it may be noted that inactivation of 
the first sample under mild conditions (pH 
7.0 at 37° for 8 days) did not alter the 
toxicity of the preparation. The LD50, 200 
mg per kg, did not differ significantly from 
the value of 240 mg per kg obtained with 
the active sample. Neither the scattering of 
the deaths, nor the toxic signs, nor the patho- 
logical lesions in mice differed appreciably 
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from those observed with the active material. 
Since the toxicity of the sample was not al- 
tered by destruction of the active principle, 
it seems reasonable to assume that further 
purification of bacitracin will lead to a low- 
ered toxicity. The third sample (203) gave 
identical LDjo’s after intravenous and intra- 
peritoneal injections. The acute subcutane- 
ous and oral toxicities of bacitracin were 
much lower than the intraperitoneal to.xicity: 
for e.xample, sample No. 203 was about 7 
times as toxic when given intraperitoneally 
as when given subcutaneously. There was 
no direct comparison for the eighth sample 
(208 WI) but here again the subcutaneous 
toxicity represented by the LD 50 was notably 
low. Given orally in amounts increasing up 
to 3.75 g per kg or 131,000 units per kg, 
sample No. 187 failed to produce death. At 
7.5 g per kg 2 mice out of 5 died. These 
deaths may have been influenced by the high 
osmotic concentration of the solutions ad- 
ministered. The oral and subcutaneous find- 
ings are similar to those observed by Molitor 
ef al.- in a study of streptomycin. 

The acute intraperitoneal toxicity of sam- 
ple 187 was significantly greater in rats than 
in mice. There were no deaths subsequent 
to the first 24 hours after the administration 
of the drug to rats. Further, renal lesions, 
described below, were striking in mice but 
were minimal in rats. The intravenous tox- 
icity of bacitracin appeared to be greater 
in rats than in mice. Sudden, convulsive 
deaths could be produced regularly at doses 
as low as 4000 units per kg of sample No. 
187 intravenously. 

Signs of acute toxicity were similar re- 
gardless of the sample of bacitracin used. 
Following intraperitoneal injection of lethal 
doses, mice e.xhibited h 5 q)erirritability and 
clonic convulsions followed by an increasing- 
ly severe depression. Central respiratory 
paralysis appeared to be the cause of death 
in both mice and rats. Similar effects were 
produced more rapidly by intravenous in- 
jections. No acute toxic effect other than 

2 Molitor, H., Graesala, 0. E., Kuna, S., Mushett, 

C. W., and Silber, E. H., J. Pharm. Pip- 
1946, 80, 151. 
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apathy was noted after oral or subcutaneous 
administration of the impure antibiotic. Com- 
plete blood counts were made in all mice 
prior to, and serially in, surviving mice for 
8 days after the intraperitoneal injection of 
B-lOO, Although large doses, grouped 
around the LDso, were given, no abnormalities 
in blood morphology were observed. 

Chronic toxicity experiments. Groups of 
25 mice were given bacitracin (No. 187) sub- 
cutaneously at doses of 2, 20, and 50 units 
per 20 g mouse! every 4 hours for 5 days. 
The total dose administered during the 5- 
day period was 3,000, 30,000 and 75,000 
units per kg of mouse. None of the animals 
died during the period of treatment nor in 
the following 7 days. The animals appeared 
normal and made average weight gains of 5% 
of body weight during the 5 days of treat- 
ment and 10% during the ensuing 7 days, 
regardless of the dose given. 

Rats weighing 80 to 90 g were given 6,000 
units per kg of bacitracin intraperitoneally. 
One week later surviving animals were di- 
vided into 2 groups of 10 each. Animals in 
the first group were given, subcutaneously, 
650 units per kg per day, 5 days of each 
week for 13 doses followed by 12 additional 
doses intraperitoneally. Animals in the sec- 
ond group were maintained on the same 
schedule but the chronic doses were doubled. 
Rats in the first and second groups received 
a total of 22,250 and 38,500 units of 
bacitracin per kg, respectively. With the ex- 
ception of local areas of alopecia at the site 
of injection all animals appeared grossly nor- 
mal, During the 5‘ weeks of treatment, ani- 
mals of the first group grew from an average 
of 88 to 177 g. Those in the second group 
grew from 84 to 150 g, suggesting that the 
larger doses impeded growth to a slight ex- 
tent. 

Pathological changes in mice and rats fol- 
lowing single or repeated doses. Gross exam- 
ination of the organs following acute deaths 
showed congested splanchnic vessels and 
emphysematous lungs. ^lice which survived 

tTliis may be assumed from the work of 
ilcleney ct at. to represent 1, 10, and 25 times the 
tUcrapcutxc dose. 


large doses for more than 24 hours lost weight 
and e.xhibited enlarged, edematous, ischemic 
kidneys. Kidney involvement appeared 
maximal 3 to 5 days after intraperitoneal in- 
jection of bacitracin, and then appeared to 
regress. With the exception of adrenal en- 
largement, remaining organs were normal 
grossly. At the site of subcutaneous injec- 
tion, induration, congestion and hemorrhage 
were often found with the early preparations; 
product B-lOO, manufactured by a new 
process, caused considerably less irritation. 

Histologically, renal damage in the mouse 
was striking. With moderate involvement, 
the cytoplasm of cells of the convoluted 
tubules was filled with fine eosinophilic 
granules, particularly in the free portion of 
the cell; in places it appeared as though this 
portion of the cell was being cast into the 
lumen. The loops of Henle, particularly the 
descending limbs, were filled with deeply 
staining eosinophilic material usually in the 
form of casts or globules. Similar material 
was also present in the collecting tubules. The 
loops of Henle and collecting tubules were 
markedly dilated. With severe involvement 
there was tubular necrosis so that identifica- 
tion of the individual tubule was difficult. 
There was necrosis of the convoluted tubules 
which appeared to involve the distal con- 
voluted tubules and, occasionally, the prox- 
imal tubules. The lumina were filled with 
necrotic cells, nuclear debris and calcium 
particles. Similar material was found in the 
loops of Henle and collecting tubules. Rare- 
ly a tubule was calcified. Bowman’s space 
was distended with coagulum but the 
glomerular tuft proper appeared uninvolved. 
Mice in which appreciable tubular necrosis 
was found were either dying or were sacri- 
ficed when moribund. 

hike which survived 6 days after admin- 
istration of the drug showed marked dilation 
of the collecting tubules and, to a less e.xtent, 
the loops of Henle. The collecting tubules 
contained eosinophilic globoid bodies or casts 
which completely filled the lumen and had 
the appearance of coagulated serum. At 
times basophilic bodies were found. Tubular 
calcification was not frequent. .After 10 to 
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12 days a less pronounced picture was ob- 
served. There were small depressed sub- 
capsular areas composed of collapsed tubules, 
and a rare atrophic glomerulus. .Cystically 
dilated tubules and collections of monocytic 
cells about vessels were seen. Some of the 
tubules were lined with basophilic cells and 
mitosis was occasionally observed. The 
nuclei of the tubular cells varied considera- 
bly in size and staining quality. With re- 
peated subcutaneous doses varying from 2-50 
units per 20 g mouse, renal lesions observed 
one week after the final injection were in- 
conspicuous, consisting for the most part of 
occasional tubular casts. Necrotic tubules 
were infrequent. • 

The thyroids appeared moderately hyper- 
plastic. 

In the rat renal lesions were minimal and 
necrosis of cells rare. 

Other pharmacological data. The best 
available preparation of bacitracin (No. 
B-lOO) was used in gathering the following 
data, k hfo solution containing 1500 units 
per cc was found, by means of the freezing 
point depression, to be approximately isotonic 
with frog-Ringer solution. The contractility 
and rhythmicity of the frog’s heart perfused 
by the Straub technic were not altered by 
the addition of IS units of bacitracin per cc 
of frog-Ringer solution. Higher concentra- 
tions often caused diminished contractility 
and progressive slowing. 

Tests with the isolated guinea pig ileum 
indicated that bacitracin contains a minute 
amount of a histamine-like substance; for 
example, 100 mg or 3,000 units of prepara- 
tion B-lOO contained the equivalent of ap- 
proximately 3 /ig of histamine diphosphate. 
Bacitracin-induced contractions were essen- 
tially abolished by first adding I cc of 
1-100,000 pyribenzamine hydrochloride to 


the 50 cc bath used in the experiments. 

■ Intravenous injection of bacitracin solution 
into the dog, anesthetized by intravenous 
pentobarbital, caused an acute transient fall 
of blood pressure immediately followed by 
an equally transient ri^; for example,. 10 mg 
or 300 units of lot B-lOO per kg body weight 
caused a fall of 30-40 mm of Hg followed 
by a rise of 10-20 mm of Hg above the pre- 
injection level of the blood pressure. Each 
effect lasted only a few seconds. Either 
benadryl or pyribenzamine essentially abol- 
ished the action of equidepressor doses of 
histamine diphosphate, but neither altered 
the depressor effect of bacitracin. Hence, 
histamine is not the cause of the depressor 
effect. This depressor effect, unlike that of 
acetylcholine, was not prevented by atropine 
sulfate. The pressor phase of the diphasic 
blood pressure response and the vagal heart 
beats associated with it disappeared after the 
injection of pyribenzamine. 

Summary. The acute, intraperitoneal tox- 
icity of bacitracin concentrates was greater 
in rats than in mice. The subcutaneous LDao 
in mice was 4-7 times the intraperitoneal 
LDao. Lethal results were produced- only 
with immense oral doses. Damage to the 
renal tubules, with tubular necrosis after very 
large doses, was observed in mice whereas 
in rats there was little kidney involvement. 
The toxicity of bacitracin, as measured fay 
the LDr.o, appeared to be independent of the 
antibiotic activity. Concentrates of the anti- 
biotic contained a minute amount of an his- 
tamine-like substance which was not responsi- 
ble for the definite depressor effect caused by 
the intravenous injection of 10 mg (300 units) 
per kg into the dog. 

We are indebted to Professor Harry B. run Dyke 
for his kind interest and .-ictive p,articip.ation in 
tins work. 
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Pathogenicity of the Tubercle Bacillus.* 

Sidney Raffel.^ 

From the Department of Bacteriology and Experimental Pathology, School of Medicine, Stan- 
ford University, California. 


The factors responsible for the ability of 
~~Mycobacterhtm tuberculosis to produce dis- 
ease in a susceptible host have long been 
enigmatic. The criteria commonly employed 
to judge the probable virulence of many oth- 
er pathogenic bacteria have not been applica- 
ble in this instance. For example, although 
dissociation occurs in cultures of tubercle 
bacilli,' smoothness or roughness of colonial 
form does not provide a satisfactory basis for 
predicting the activity of this organism in the 
tissues of a susceptible species of host.- It is 
mystifying indeed that an attenuated bac- 
terium such as the B.C.G. (Bacillus Calmette- 
Guerin) should possess, so far as we know, 
all the properties of the virulent tubercle 
bacillus e.Ncept the ability to produce a pro- 
gressive generalized infection. At the site 
of injection it induces the typical tuberculous 
lesion, and from this area viable bacilli may 
be cultured after many months. 

It is difficult to deduce from available in- 
formation whether the virulent tubercle 
bacillus possesses some cytoplasmic constitu- 
ent analogous to the somatic antigens asso- 
ciated with virulence in many other bacterial 
species. One of the major functions of such 
substances in permitting organisms to multi- 
ply in tissues is the phagocyte-repellent ef- 
fect. No such effect is apparent in the case 
of il/. tuberculosis, for virulent as well as 
attenuated organisms are readily taken up by 
monocytic phagocytes. Its pathogenicity 
may conceivably depend upon a metabolic 

* Carried out with the aid of grants from the 
California Tubereulosis and Health .Association 
and the National Tuberculosis Association. 

1 AVith the assistance of Dr. Carl St. Johnson, 
Mrs. Jessie Billon and Mr. Waldo H. Ilanns. 

1 PetrofE, S. A., and Steenken, W., Jr., J. Exp. 
Med., 1930, 31, S31. 

a Smithburn, K. C., Am. Sev. Tttberc., 1937, 30, 
037. 


feature of the bacterial cell, the virulent or- 
ganism being better able to propagate in the 
environment supplied by viable tissues. For 
this view also evidence is lacking. 

Should virulence depend in part upon a 
specific cellular antigen, it seems a rational 
probability that the acquisition of immunity 
will also be related to this substance, for in 
the final analysis acquired resistance means 
the ability of the body specifically to “neu- 
tralize” the virulence mechanism of the bac- 
terium. A familiar case in point is the pro- 
tection provided by the antibody directed 
against the capsular S.S.S. of B. pneumoniae. 
If, on the other hand, virulent tubercle bacilli 
are distinguished by a metabolic trait which 
favors their growth in the tissues, then it is 
quite possible that no ordinary immunologic 
device with which we are familiar will divulge 
the nature of acquired resistance to them. 

Several years ago we undertook a study 
designed to reveal whether some one anti- 
genic component of il/. tuberculosis may be 
responsible for inducing acquired resistance, 
and as a corollary, whether this factor would 
enable us to demonstrate, on an immunologic 
basis, the dissociation or identity of resistance 
and allergy in this disease.^ 

.Attempts to induce the resistant state in 
the absence of allergy have so far been un- 
successful. .A good deal of attention has 
been devoted to the polysaccharide of the 
bacillus in this connection. This substance 
however is haptenic, and its reconversion to 
a complete antigen has not proved satis- 
factory, so that a fair test of its immunizing 
ability has not been possible. However we 
have found that when this substance was in- 
jected daily in amounts up to IS mg to 
pinea pigs throughout a 10-week course of 
immunization with B.C.G., and then for 20 

S., .Stanford Med. Bull., 1043, 
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weeks subsequent to infection with virulent 
organisms (HstRv), it failed to antagonize 
the acquired resistance produced by the 
It appears then that acquired im- 
munity to M. tuberculosis is not related in 
any major degree to an antibody type of 
response to this particular bacillary antigen. 
The purified phosphatide, the wa.\', and the 
protein have also been employed as vaccinat- 
ing materials, and these have failed to induce 
resistance to the bacillus of origin.® 

More success has attended our studies of 
the possible relationship of tuberculous al- 
lergy to resistance. It has been appreciated 
for many years that this hypersensitive state 
is a response to the protein of the organism. 
Peculiarly enough, however, the tuberculin- 
type of allergy cannot be initiated by the use 
of the bacillary protein in isolated form, al- 
though the substance has marked antigenic 
properties and on injection into normal ani- 
mals regularly induces humoral antibodies 
and the anaphylactic state. We have found 
that the delayed type of tuberculin hyper- 
sensitivity can be established in the absence 
of tubercle bacilli by employing the chloro- 
form extractable “wax” of the bacillus. Such 
wax contains a small proportion of protein, 
and when injected into normal guinea pigs 
it regularly establishes good levels of delayed 
reactivity to Old Tuberculin.® The applica- 
tion of several criteria for the tuberculin- 
type of hypersensitivity, including vulnera- 
bility of such sensitized tissues to tuberculin 
in tissue culture, and failure to transfer the 
sensitivity passively via serum, have demon- 
strated that this is true tuberculous allergy. 
Tests on a limited number of guinea pigs have 
indicated that animals rendered hypersensi- 
tive by this means do not possess acquired 
resistance to tuberculous infection. This ob- 
servation has convinced us that allergy and 
acquired immunity are immunologically dis- 
tinguishable. 

Experimental. Our more recent efforts to 
isolate a resistance-inducing factor from the 
bacillus has led us to investigate antigens 
of the “Boivin type.”® These are comple.x 

•t Unpublished, observations. 

5Eaffel, s., Jwi. Sev. Tuierc., 5', o'4. 


substances composed of polysaccharide, lipid 
and protein, and have been obtained from a 
variety of the Gram-negative enteric bacilli. 
They are of utmost immunological importance 
in such organisms, since they comprise the 
essential immunizing antigen and also reveal 
the toxic properties commonly associated 
with these bacteria. Choucroun^-s has re- 
ported the presence of a toxic fraction in 
paraffin oil extracts of tubercle bacilli which 
apparently induces acquired resistance. This 
is a polysaccharide ester of mycolic acid, and 
may be related to the Boivin type of antigen. 

Since Boivin’s , original demonstration of 
the extractability of antigenic complexes by 
trichloracetic acid,® several other methods 
have been described for accomplishing this 
end. Because we had no foreknowledge of 
the relative susceptibility of the tubercle 
bacillus to these extraction methods, we de- 
cided to employ them all on a comparative 
basis. The procedure of Raistrick and Top- 
ley® makes use of trypsin digestion; Mor- 
gan^® employed diethylene glycol, an<j Walk- 
er** used urea for this purpose. 

Preparation of Complexes. Human HarRv 
bacilli were cultured on a modified Long- 
Seibert synthetic medium. At the end of 3 
weeks the organisms were separated from the 
medium and washed with distilled water. A 
portion of these bacilli was washed in 50^, 
and then in absolute acetone in a refrigerated 
centrifuge. Immediately aftenvard the bacil- 
li were dried in a vacuum dessicator over 
sulphuric acid. The remainder were em- 
ployed in the fresh moist state. This dif- 
ference in treatment was instigated by uncer- 
tainty as to the effect of even a short period 
of acetone treatment upon the organisms in 
view of the presence of acetone soluble fats 
in tubercle bacilli. Batches of the cells were 
e.xtracted as sho^vn in Table I, where the 

“Boiviii, .-V., Jlesrobeaiiu, I., Hesrobeanu. L., 
.md Nostorcsc'u, B., C. H. Sac. Biol., 1934, 113, 300. 

< Clioucroun, N., Science, 1943, 9S, 327. 

S Clioucroun, N,, Science, 1947, 105, 40. 

9Raistrii-k, H., .and Topley, W. W, C,, Brit. J. 
Bxp. Path., 1934, 15, 113. 

>0 Morgan, W. T. J., Biochem. J., 1937, 31, 2003. 

11 Walker, J., Biochem. J., 1940, B-l, 325. 
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TABLE I. 


Essential Information Concerning the Extraction of Complexes from Tubercle Bacilli. 


Bacillary 
batch Xo. 

Treatment prior 
to extraction 

Grams of 
bacilli 
extracted 

Extraction 

method 

Mg of 
lyophilized 
complex 
obtained 

1 

Washed with water. 

15.6 

Boivin — trichlor- 

219.0 


acetone dried 

(dry wt) 

acetic acid 


i> 

Washed with 

10 

ft tt 

50.0 


water 

(moist wt) 



3 

Washed with water, 

15.9 

Baistrick 

257.0 


acetone dried 

(dry tvt) 

and Topley — 





trypsin digestion 


4 

Washed with 

25.2 

Walker — urea 

51.4 


water 

(moist wt) 



5 

Washed ivith water, 

15.4 

Morgan— diethyl- 

26.5 


acetone dried 

(dry wt) 

ene glycol 

) 


yields of the individual complexes are also 
indicated. All of the complexes were ly- 
ophilLjed and stored in a carbon dioxide box. 
They formed colloidal suspensions vfhen dis- 
solved in saline or water. 

During the course of their preparation 
these substances were subjected to the fol- 
lowing physical manipulations calculated to 
free the extracts of intact bacilli; 

The 2 trichloracetic acid preparations were 
freed of most bacteria by centrifugation in 
the cold. The supernatants were then ultra- 
centrifuged for 15 minutes at 12,000 r.p.m. 
Following this the extracts were passed 
through Jena 5/3 glass filters, and were then 
lyophilized. The trypsin and urea prepara- 
tions were freed of most of the organisms by 
Sharpies centrifugation. These fluids were 
filtered through Chamberland L3 candles pri- 
or to lyophilization. 

The diethylene glycol extract, because of 
its smaller volume and the nature of the flu- 
id, was spun in the ultracentrifuge at 25,- 
000 r.p.m. for one hour. This material was 
subsequently filtered through a Chamberland 
L3 candle also. 

Treatment of guinea pigs. These lyo- 
philized preparations were freshly dissolved 
for each inununizing injection. Fifty-three 
guinea pigs weighing between 400 and 500 g, 
and negative in skin test to Old Tuberculin 
1.10, were given the first injections of these 
complexes on August 19, 1946. Ten or II 
animals were apportioned to each of the 
preparations. These groups of guinea pigs 
will be referred to by the numbers used to 


designate the bacillary batches in Table I. 
The dose of each complex administered was 
0.5 mg in 0.25 cc of saline, injected subcu- 
taneously. Three weeks later skin tests with 
O.T. 1:10 proved negative in all groups. One 
month following the first injection, second 
injections of the same dose of the respective 
complexes were administered, this time in- 
tracutaneously. This was repeated a month 
later, subcutaneously. Thus, during a period 
of 8 weeks these animals received 3 doses 
of complex, totaling 1.5 mg for each animal. 

Twelve weeks after the first injection of 
each complex, routine skin tests were carried 
out with undiluted O.T. and the results were 
quite unexpected. Every^ one of the 43 ani- 
mals comprising Groups 1, 2, 3 and 4 de- 
veloped exceedingly large necrotizing reac- 
tions, averaging 29 mm in diameter. These 
were unusually severe in that practically the 
entire areas were necrotic within 24 hours. 
One week later tests were repeated in 12 of 
these guinea pigs with less concentrated O.T. 
(1:10). The average diameter of reaction 
was 25 mm, and in 10 of these necrosis oc- 
curred. None of the animals receiving the 
diethj’Iene glycol complex developed sensitivi- 
ty to O.T., either at this time nor during 
several succeeding months of injections. 

One of the animals of Group 4 (urea com- 
plex) which died as a result of the initial 
tuberculin reaction, showed marked tuber- 
culosis involving the axillary lymph nodes 
and the spleen. Histologic e.xamination re- 
vealed lesions with bacilli in these locations. 
All of the remaining animals in Groups 1, 
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TABLE IL 

Gross Tuberculosis in Eegiona! Lymph Nodes, Abdominu! and Tlioracie Viscera of Guinea Pigs 
^ Becciving Injections of Complexes. 

No. showing No. with 

invoivcmcnt No. witli involvement of 
of lymph nodes involvement lungs and/or 
No. of regional to inject. of liver tracheobronchial 
Guinea pig group pigs in groups (axillary and iiig.) aiid./or spleen lymph nodes 


Triehlor. e.xtract of dried b’cilii 

9 

8 

9 

7 

Trichlor. e.xtr. of fresh baci'li 

9 

8 

8 

6 

Trypsin e.xtr. dried bacilli 

n 

8 

6 

•i 

Urea cxtr. fresli bacilli 

8 

7 

7 

S 

Total 

37 

31 

30 

22 


2, 3 and 4 were subsequently examined at 
autopsy for the degree and extent of dis- 
semination of tuberculosis. The overall re- 
sults are shown in Table II. Thirty-one of 
the 37 animals showed gross evidence of in- 
fection at 3 months or later following the 
first injection of the respective complexes. 
The animals which failed to reveal such evi- 
dence had previously responded to Old Tu- 
berculin with skin reactions equal in severity 
to those seen in the pigs with obvious dis- 
ease. Of the 31 animals, most showed ad- 
vanced infection, and a few were striking in 
this regard. As indicated in Table II in- 
fection was’ most evident in the abdominal 
viscera and in the axillary and inguinal lymph 
nodes draining the areas of injections of the 
complexes, while a smaller proportion of ani- 
mals showed disease also in the lungs or 
tracheobronchial lymph nodes. In no case 
was there infection in the lungs or tracheo- 
bronchial nodes in the absence of abdominal 
visceral or axillary-inguinal node involve- 
ment. It is thus rather apparent that in- 
fection was consequent to the injections, and 
was not spontaneous as the result of aspira- 
tion of bacilli from the environment. Added 
to this evidence is the fact that groups of 
normal unused guinea pigs as well as those 
receiving other, noninfectious vaccinating 
treatments such as the diethylene glycol com- 
plex and various preparations of proteins de- 
rived from the tubercle bacillus, were housed 
in the same large room during the entire 
period of this experiment. These have never 
responded to repeated tests with concentrated 
Old Tuberculin, nor has evidence of tuber- 
culosis been encountered in autopsies of many 


such animals. Furthermore, it has been a 
general experience as well as our own that 
guinea pigs are very unliable to spontaneous 
infection with M. tuberculosis even after in- 
timate and prolonged contacts. 

Since now it was apparent that the com- 
plexes which had been intended as immuniz- 
ing agents were actually infectious, we under- 
took to determine what numbers of bacilli 
could have escaped the centrifugation and 
filtration procedures employed in the prepara- 
tion of these substances. For this purpose 
the total residual lyophilized complexes were 
dissolved in saline and ultracentrifuged at 
25,000 r.p.m. for one hour. No visible sedi- 
ments were thrown down, but the bottoms of 
the tubes were carefully scraped and smears 
made of the scrapings. These were exam- 
ined for acid-fast bacilli. As shown in Table 
III, very few tubercle bacilli were encoun- 
tered, although in every case the sediments 
represented amounts of complex greatly in 
excess of that received by the animals. 


TABLE III. 

Results of Search for Tubercle Bacilli in the 
Ultracentrifugai Sediments of Comple.xes. 


Complex 

Jig of 

complex ultra- 
centrifuged 

Result of exam- 
ination of total 
• recoverable 
sediment 

1. Trichloracetic 

200 

6 bacilli 

acid e.xtr. of 



dried bacilii 



2. Trichloracetic 

33 

2 possible 

acid extr. 
fresh bacilli 


bacilli, not 
distinct 

3. Trj'psin digest 

240 

4 bacilli 

extr. dried bacilli 


4. Urea extr. 

35 

8 

fresh bacilli 
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It was now evident that these guinea pigs 
had developed a surprising incidence and ex- 
tent of infection as the result of the very 
small numbers of tubercle bacilli which they 
had received. Since we had made frequent 
use of this strain of organisms (HstRv) for 
infecting guinea pigs in the past, we were 
able to gather from previous records the rela- 
tive degrees of tuberculosis established at 
various comparable intervals following in- 
fection with measured doses of bacteria. 
Guinea pigs which had received 2 ranges of 
infective doses by the subcutaneous route 
were reviewed for this purpose. The first 
group had been infected with 0.75 or 1.0 mg 
(moist weight) of bacilli, and the second had 
received doses of 0.05 , 0.075 or 0.10 mg. A 
third group of pigs was available for a much 
more direct and striking comparison. These 
animals had received acetone-dried bacilli 
of the same batch employed for the prepara- 
tion of the trichloracetic extract complex 
(No. 1, Table I) and the trypsin complex 
(No. 3, Table I). These bacilli failed to 
grow on glycerine egg medium during an 8- 
week period of observation. The organisms 
were administered to 13 guinea pigs in doses 
of 10 mg dry weight for each subcutaneous 
injection. A total of 40 mg was given to 
each animal in 4 injections during a period of 
3 months. 

In order to compare these 3 groups with 
the animals receiving complexes, the Feldman 
index’- was employed to score the gross tuber- 
culosis observed at autcpsy. This index 
takes account of the extent of involvement of 
the lymph nodes draining the region of inoc- 
ulation, the' spleen, liver, lungs and the 
tracheobronchial lymph nodes. 

The average indices for each group of ani- 
mals are portrayed in Table IV and Fig. 1. 
It may be noted that the averages of organ 
involvement in the animals receiving com- 
plexes were uniformly greater at the various 
examination intervals than those observed in 
the guinea pigs injected with massive doses 
of acetone dried bacilli, and were not far be- 
low those of the animals infected with the 

1- Fuldman, W. H., .(hi. Ecv. Inhere ., 1943, 4S, 
24S. . 



Fig. 1. 

0.05 to 0.10 mg doses of fresh young culture 
organisms. The guinea pigs which had re- 
ceived 0.75 to 1.0 mg amounts of bacilli to 
induce infection showed -more definitely ad- 
vanced disease at comparable intervals fol- 
lowing infection. 

Discussion. The factors which should en- 
ter into consideration of these results are 
the following: 

(a) The animals of the “complex groups” 
received a total of 1.5 mg of material of which 
much greater amounts revealed sp_arse tu- 
bercle bacilli in ultracentrifugal sediments. In 
contrast, the groups of guinea pigs included 
in the table for purposes of comparison re- 
ceived relatively enormous numbers of bac- 
teria of the same strain, and in the case of 
the acetone dried organisms, of the same 
batch and at the same time. 

(b) The bacilli which remained in the com- 
ple.xes had been subjected to chemical and 
physical procedures as well as aging in the 
lyophilized state. The organisms employed 
for infecting 2 of the comparative groups of 
animals were~ from --3>week-old cultures, 
freshly suspended in saline immediatelv be- 
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TABLE IV. 

Scoring of Guinea Pig Organs for Extent of Grossly Observable Tuberculosis at Various 
Periods After Infection. 


Wks 

after 

infection 




Infected wth 




0.75 or 1.0 mg 
fresh bacilli 

0.05-0.10 mg 
fresh bacilli 

40 mg acetone 
dried bacilli* 

t 

bacilli present 
in complexest 

No. of 
Gpigs 

Avg 

score 

No. of 
Gpigs 

Avg 

score 

No. of 
Gpigs 

Avg 

score 

No. of 
Gpigs 

Avg 

score 

10-11 

23 

76 

0 

70 





H-12 

8 

86 . 

0 

50 





12-13 

7 

81 





1 

45 

13-17 

12 

74 

7 

58 

2 

32 

9 

50 

17-21 

0 

02 

8 

71 

8 

34 

0 

SO 

21-23 

1 

70 





4 

51 

23-24 



1 

75 



10 

53 

24-25 







11 

47 

26-32 





3 

38 




* Infection interval dated from 1st injection of lO.O mg of bacilli, A total of lO mg was 
eventually injected into all pigs. 

t Infection interval dated from Ist injection of 0,50 mg of the various complexes. A total 
of 1.5 mg was eventually injected into all pigs. 


fore use. The acetone-dried bacilli given to 
the third comparative group had been sub- 
jected to considerably less manipulation than 
was accorded those organisms remaining in 
the complexes. 

(c) The infection intervals in the “com- 
plex animals” are dated from the time of 
first injection of these substances. The 3 
injections actually spanned a period of 8 
weeks, and with the small numbers of or- 
ganisms involved, some of the animals may 
well have received no bacilli on the first, 
and perhaps the second, injection. The in- 
tervals after infections set forth in Table II 
may therefore be considerably exaggerated in 
some of these animals. 

It appears then that the ability of the very 
sparse numbers of tubercle bacilli present in 
the complexes to produce a degree of infection 
greater than that found following massive 
doses of similarly treated organisms alone 
must depend upon some function of the com- 
plexes themselves. So far as can be deduced 


from these e.xperiments, the compIe.xes acted 
in the capacity of a virulence factor, per- 
mitting small numbers of possibly “injured" 
bacilli to establish themselves in the normal 
host and to produce progressive infection. 

Whether such comple.xes can function in 
the same capacity in relation to attenuated 
bacilli, such as B.C.G.. is being investigated 
at the present time. The possible role of 
these substances in inducing acquired re- 
sistance is also under study. 

Conclusions. The Boivin type of antigenic 
complexes derived from the human strain 
(H 37 RV) of M. tuberculosis appear to abet 
generalized infection in guinea pigs receiving 
very small numbers of organisms. It is sug- 
gested that such complexes may function as a 
“virulence factor” for the tubercle bacillus in 
a susceptible species of host. The possible 
relationship of such a factor to acquired re- 
sistance to the tubercle bacillus is under in- 
vestigation. 
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